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SlMIAlff 

Variations  In  alartnaaa  undoubtedly  affect  oparator  parformanca,  sometimes  to  a  degree  which  signifl- 
cantly  degrades  oparatlonal  af factlvanaaa .  Alartnaaa  la  a  biological  atata  with  behavioral,  naurophyalo- 
loglcal  and  blochamical  alamauta.  Ralatad  atataa  art  vigilance,  attention,  and  arousal.  Thin  monograph 
aiMarlxes  tha  lltaratura  or  thaaa  topics,  aa  wall  aa  tha  influence  of  various  environment#  ou  alartnaaa 
lat'ala ,  spontaneous  fluctuations  In  alartnaaa,  and  affacta  of  ouch  variation  on  oparator  parformanca.  Tha 
environments  undar  consideration  include  long  duration  flights,  flights  at  night,  monotonous  tasks,  aolltuds, 
mild  hypoxia,  and  variations  In  thermal  conditions  iu  a  flight  compartment  . 

PART  I 


INTRODUCTION 


The  amrunedical  mmnimlrj  is  frequently  called  upon  to  iavaatlgata  way*  of  Improving  or  maintaining 
tha  high-lawal  parformanca  of  air  crawa  and  air  traffic  control  personnel.  Wa  are  asked  to  atudy  conditlona 
auch  as  tha  type  of  weather  encountered  during  a  flight,  ventilation,  vibration,  and  lighting  that  Influanca 
craw  af  factlvanaaa ,  and  to  Investigate  auch  problems  e-  duty  toi.ra  for  radar  operators,  tha  uuabar  of  craw 
meafcara  for  largo  tranapor' a,  and  tha  division  of  dutiaa  for  dlffarant  members  of  a  crew.  The  questions 
that  arise  moat  frequently  concern  tlie  maintenance  of  performance.  Alevtnaas  la  a  significant  contributor 
to  efficient  performance. 

Alartnaaa . what  la  it?  The  alert  animal  la  watchful,  wide  awake,  vigilant,  ready  to  act,  attentive, 

lively  and  on  tha  lookout  Tor  attack  or  danger.  Ha  muvaa  briskly,  nimbly,  and  with  celerity.  Ua  are 
describing  a  biological  state,  behavioral  lu  lta  moat  obvious  manlfearationa .  clearly  important  for  survival. 
Tiie  alert  flier  manifests  all  thaaa  signs  and  thereby  enhances  hla  own  survival,  but  tha  contribution  of 
alartnaaa  to  hla  -.erfoirwanca  while  flying  la  of  equal  and  more  Imomdlate  jlgnlficance.  The  alert  pilot  la 
ready  to  detect  signals  and  to  execute  respouaas - thm  aieeutial  aspect  1*  readiness.  Tha  level  of  alert¬ 

ness  varies.  At  low  levels ,  and  perhaps  at  very  high  levels,  there  la  a  potential  for  parformanca  impair¬ 
ment.  It  is  this  potential  Impairment  that  la  the  focua  of  thia  monograph.  Undar  vhat  conditlona  in 
alertness  reduced?  Whac  ara  tha  underlying  factore  that  account  for  lose  of  alartnaaa?  How  can  acceptable 
levels  of  alartnaaa  be  maintained?  In  tha  course  of  daallug  with  thaaa  questions,  this  monograph  will  range 
across  several  disciplines  and  many  specific  topics.  The  remainder  of  this  Introduction  wi.il  be  devoted  to 
developing  a  descriptive  framework  for  the  concept  of  alertness. 

Some  theoretical  formulations  ere  necessary  to  essaaa  the  effect  of  environmental  factors  and  wotklug 
c.ondltlooe  on  tha  alertness  of  aviation  personnel.  Tha  asuuuptlon  la  madi  that  all  aspects  of  behavior  do 
not  change  in  tin  tam  way  as  a  work  period  progresses,  but  that  there  are  different  aspects  of  alartnaaa 
which  may  be  affected  differently  by  dlffarant  worMng  conditions.  Hypothaaaa  ara  needed,  than,  regarding 
tha  dimensions  alone  which  alartnaaa  may  vary.  In  considering  this  quastion  wa  shall  canter  attention  on 
those  aspects  of  behavior  that  relate  to  the  general  level  of  alertness  of  tha  organism,  and  amphaaira  actual 
.  'Tformanca  rather  than  hypothetical  capacity. 

Published  reports  revoal  a  wide  diversity  of  findings,  conclusions,  and  opinions  concerning  the  ways  In 
which  parformanca  under  different  working  conditlona  and  environmental  influences  may  vary  as  a  .uuction  of 
tlM*  Various  thaorlar  hav*  bton  idvancad  concerning  the  nature  of  th«ee  performance  change*  and  various 
Interpretations  of  such  changes  have  been  offered. 


Thera  ara  several  excellent  early  reviews  of  studies  of  performance  changas  in  aviation  peraonnar. 

The  report  prepared  by  Flnan,  Finan,  and  iiartaon  (1)  for  tha  United  Status  Air  Force  reviewed  588  titles 
and  presented  a  brief,  organised  nummary  of  tha  results  of  many  teat*  of  decrements  in  performance.  This 
report  forces  one  to  conclude  that  prior  to  1950,  tha  results  from  tlie  many  and  extensive  teats  and  indices 
of  performance  decrements  have  contributed  littlft  to  tha  development  of  tools  and  techniques  suitable  for 
use  in  studying  alartnaaa  changes.  Hors  recently,  significant  advances  have  been  achieved  In  tha  area  of 
vigilance,  which  can  be  considered  to  ba  equivalent  to  alartnaaa. 


Many  change*  cf  a  subjactlve  nature  also  occur  aa  a  function  of  tha  time  spent  at  a  task.  Soma  of  the 
changas  which  have  been  cited  Include  lowered  faaling  tone,  boredom,  reduced  willi.ngneee  to  exert  oneself, 
lowered  goals,  raduced  motivation,  increased  unpleasantness  of  the  working  situation.  Moat  of  thaaa  can  be 
summed  up  under  what  Bartley  and  Chute  (2)  aptly  call  "eversion"  toward  the  task  or  situation. 

It  will  be  worthwhile  to  conalder  briefly  tha  various  psychological  hypotheses  that  have  barn  advanced 
ea  to  the  nature  of  alertness  changes.  The  remainder  of  thia  i action  la  devoted  to  presenting  tl  ise 
hypotheses. 
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Mobilisation  of  ranouro»a  One  ot  tU  moat  pertinent  hypotheses  regarding  th«  factors  underlying 
alartnaas  changes  la  that  undar  adverts  conditions  the  individual  able  to  bring  all  his  capacitlai  to 
bear  on  tha  completion  of  a  task.  Wa  o an  call  this  the  ability  to  "mobilize  raaourcaa."  This  capacity 
■ay  ba  tha  major  reason  why  30  many  isolatad  behavioral  aaaauraa  have  failad  to  ravaal  changaa  of  alartnaas 
aa  a  function  of  time. 

Dacraaanta  and  impairments  in  perfoisanca  nay  ba  Basked  aa  a  result  of  this  ■obllliation.  Tha  Making 
of  laportant  changes  In  tha  organise  probably  occurs  primarily  in  relation  Co  tha  major  raquiraaenta  of 
tasks.  It  saaas  reasonable  to  expect,  there fora,  that  vt  should  look  for  signs  of  dacgwmaui.  uo  rhoaa  aspects 
of  tha  taak  which  era  considered  by  tha  worker  to  ba  la.it  important.  These  signs  will  be  laaa  Jlc!  —h  i  hv 
auaklng  due  to  "moblliaation  of  raaourcaa,"  and,  therefore.,  will  be  particularly  Indicative  of  the  nature  «..d 
extant  of  general  changes  in  the  alartnaas  and  lavel  of  performance  of  tha  total  organism. 

Welford,  Brown,  and  Gabb  (3)  land  support  to  tha  hypothesis  of  mobilisation  of  raaourcaa.  They  auggaat 
that  tha  coopansatory  mechanists  of  tha  himan  ara  axtramely  complax.  Howavar,  thay  atata  that  even  whara 
significant  affects  can  ba  ehovn  on  vary  alapla  aenio'y  and  motor  tasks  studied  in  isolation,  tha  ef facta 
of  theaa  dacramants  on  tha  largnr  complax  taak  ara  not  predictable  within  any  acceptable  level  of  certainty. 
From  their  point  of  view,  changaa  of  performance  are  more  likely  to  ba  ahovn  by  tasks  at  laaat  aa  coaplax 
aa, if  not  more  complax  than  tha  lormal  run  of  tasks  that  subjects  deal  with. 

Lose  of  flexibility  of  eat.— One  of  tha  coomonly  report**1  characteristics  of  performance  attar  a  period 
of  time  on  tha  job  is  a  loss  in  tha  ability  of  tha  worker  to  perceive  and  adjust  to  naw  aspects  of  tha  taak. 
Tha  wirkar  aaams  unabla  to  shift  quickly  and  affactivaly  from  one  subpart  to  anothar  subpart  of  tha  taak, 
and  has  difficulty  performing  a  naw  taak  that  is  different  from  the  taak  ha  has  completed.  It  aaama  reason¬ 
able  to  hypothesise  that  tha  txidarlylng  machanisa  ia  a  loss  of  flexibility  of  sat.  Signs  of  decrement 
should  therefore  ba  more  frequent  in  tasks  which  require  tha  subject  to  axerclsa  flexibility  in  moving  tha 
focus  of  performance  from  oca  subpart  of  a  taak  to  another. 

Change  in  controlling  «atj_ — Performance  decrements  which  are  latarprated  aa  being  due  to  reduced  levels 
of  aspiration  have  been  reported.  Tha  worker  ia  satisfied  with  a  less  adequate  performance.  Small  arrora 
go  uncorrectad,  even  though  thav  are  perceived.  Tha  underlying  mechanism  is  hypothesised  to  be  a  change 
in  tha  general,  overall  controlling  aat  of  tha  organism.  Sign*  of  decrement  ahould  therafore  be  more  frequent 
In  taaka  which  allow  email  errors  to  go  uncorractad. 

lacraaaa  in  conflict. —It  has  baan  proposed  that  thara  is  a  close  correspondence  between  decrements 
In  performance  and  tha  dsgraa  of  subjective  frustration  associated  with  a  task.  Tha  growth  of  frustration 
■ay  ba  a  product  of  an  Increase  in  conflict  betveen  tha  attitude,  feeling  tons,  and  other  subjective  com¬ 
ponents  of  performance  and  tha  requirements  of  tha  taak  on  tha  organise.  Assessments  of  lntarparsonal 
conflict  may  also  ravaal  tha  coat  of  maintaining  performance  on  tha  mors  critical  parts  of  a  job.  Ue  shall 
turn  now  to  a  naurophyalologlcal  analysis  of  alertness. 


PAW  II 

NEUROPHYSIOLOGIC  AND  BEHAVIORAL  ASPECTS  OF  ALERTNESS 

Tha  focal  point  is  tha  ascending  reticular  activating  system.  It  has  baan  finely  established  that  tha 
brain-stem  reticular  formation  has  both  excitatory  and  Inhibitory  functions.  Studies  involved  with  tha 
excitatory  machanisas  (A, 5, 6,7)  have  shown  increased  raaponalvanasa  (alertness),  both  behavlorally  and  nauro- 
physlologlcally,  following  stimulation  of  appropriate  areas  of  tha  reticular  formation.  Vo  will  assume  that 
reasonable  alartnaae  la  tha  normal  atata  of  tha  functioning  air  crewman.  Therefore,  it  is  tha  inhibitory 
propartias  of  tha  reticular  formation  with  which  the  neurophysiology  of  alcrtneea  ia  primarily  concerned. 

Tha  raadar  ahould  realise  that  the  "division1*  of  tha  reticular  formation  into  Inhibitory  va.  excitatory 
araaa,  or  regions ,  or  mechanisms,  la  usually  artificial.  A a  will  ba  discussed  balow,  stimulation  of  tha 
reticular  formation  often  results  In  simultaneous  excitation  and  inhibition  of  different  parts  of  tha  nervous 
system.  However,  such  a  dichotomous  division  dose  serve  the  practical  purpoae  of  allowing  soma  clarity  to 
ba  achieved  In  a  discussion  of  alertness. 


The  Evoked  Potential 

Supra-threahold  stimulation  of  any  of  tha  sensory  modal i rise  produces  a  dlatinct  neuro-electrical 
response;  the  evoked  response  or  tha  evoked  potential.  By  placing  alectrodas  in  or  on  sensory  projection 
araaa  of  the  brain  cortex,  or  in  tha  aanaoty  pathways  which  conduct  impulses  to  these  araaa,  the  evoked 
potential  can  ba  recorded.  Whan  recorded  from  tha  cortax  or  tha  scalp  surface,  tha  evoked  potential  typi¬ 
cally  exhibits  a  short  latency  (8-10  msec.)  aw  measured  from  tire  tiaa  of  stimulus  presentation  to  tha  tiaa 
of  its  appearemca.  A  aarias  of  alternating  positive  and  negative  potentials  (or  peaks)  then  follow,  with 
tha  usual  duration  of  tha  entire  evoked  potential  not  exceeding  500  msec. 

Host  aaaauraa  of  the  evoked  potential  ara  made  on  th*  more  reliable  peak*  occurring  within  clut  first 

200  mast.  Tha  earliest  of  the  peaks  (reaching  eaxlmua  amplitude  at  30-50  msec.)  can  only  ba  recorded  from 
a  fairly  raatrictad  portion  of  the  brain  surf act.  This  area  is  considered  to  ba  tha  locus  of  sensory  repre¬ 
sentation  of  tha  physical  stimulus  presented  to  tha  related  sensory  receptor.  These  early,  or  prlsury, 
potentials  reach  the  cortical  projactlon  area  rapidly  via  tha  primary  sensory  pathways.  Potentials  (peaking 
at  120-180  msec.)  occurring  after  tha  primary  potentials  can  br  recorded  from  most  areas  of  tha  cortax,  and 

seam  to  reach  it  via  slowar  reticular  pathways  which  bypass  th  j  primary  aansory  relays  of  tha  thalamus . 

These  later  potentials  ara  usually  of  greater  amplitude  than  tha  primary  potentials.  Up  to  somt  maximum 
limit,  tha  amplitude  of  tha  whole  evoked  potential  (comprised  of  tha  componant  potentials  just  described) 
resulting  from  peripheral  stimulation  is  proportional  to  the  intensity  of  tha  stimulus.  .■ split udes  ranging 
from  a  few  microvolts  to  a  hundred  microvolts  ara  not  uncommonly  reported  in  the  literatuie. 
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In  addition  to  atiaulua  intensity,  tliara  are  many  other  factors  known  to  hava  dramatic  effects  on 
avokad  potantlal  latency  and  aaplltuda.  Among  than  art  tha  experimental  preparation  (laplants  or  aurfaca 
“Itc'rMsj) ,  location  nf  ry~m  recording  alactrodaa,  tha  aanaory  sodality  being  stimulated,  and  tha  atata 
of  arou  u  of  tha  organlaa.  Tha  laat  of  thaaa  factora  la  not  unrelated  .  „  tha  cu,.!,.  cl  the  prcdt nt  papa-. 
What  ha  r  or  not  r.ha  experimental  organlam  la  "attanding"  to  atlaulatlon  npparantly  »f  facta  tha  aaplltuda  of 
tha  avokad  potantlal  raaulting  froa  that  atlaulatlon. 

Dlacrata  atlaull  of  vary  ahort  duration  (ailllaaconde) ,  having  a  dafinlta  "on"  and  a  daflnlta  "off", 
ylald  tha  aoat  dlatlnct  avokad  potantlala.  Nevertheless,  avokad  potentlala  recorded  froa  tha  aurfaca  of 
tha  cortical  aantla  or,  at  * i  usually  tha  case  with  huaana,  froa  alactrodaa  attachad  to  tha  acalp  aurfaca, 
ara  oftan  difficult  or  impossible  to  dstact  bacauae  thay  are  auparlapoaad  on  tha  spontaneous  activity 
(alactroanceobalograa  or  BEG)  of  tha  brain.  Tha  davalopaant  of  avaraglng  davlcaa  which  auaaata  tha  avokad 
potantlala  to  any  daairsd  nuabar  of  rapatitiva  atiaulua  praaantatlona,  whila  "avaraglng  out"  tha  randoai 
apontanao’:r  activity,  haa  graatly  anhancad  tha  raaaarchar'a  ability  to  study  thla  alactrlcal  raaponaa  to 
peripheral  atlaulatlon. 


Habituation  of  the  Evoked  Potantlal 

Accompanying  rapatitiva  atlaulatlon  with  Identical,  nonralnforcad  atlaull,  auch  as  auditory  clicks  or 
flashes  of  light,  la  a  decrease,  over  tiaa,  in  tha  mplituda  of  tha  avokad  potentials  initiated  by  tha 
atlaull.  Thla  dlalnutlon  of  tha  avokad  potential  aaplltuda  haa  baan  observed  in  tha  cortical  areas  (8,9, 
10,11,12)  aud  tha  prlaary  aanaory  pathway*  (13,14,15,16).  Evoked  potential  auppraaalon  to  rapatitiva,  aono- 
tonous  stimulation  1*  operationally  defined  as  hchituatloc  (14,17).  Evidence  exists  that  habituation  la  a 
cantral  phenomenon  and,  tharafora,  not  tha  raault  ot  receptor  adaptation  (a  change  In  threshold)  or  recaptor 
fatigue  (18,  14).  Habituation  of  tha  avokad  potantlal  can  be  obtained  with  widely  apacad  stimulus  present¬ 
ations  which  could  have  no  cumulative  affect  on  the  racaptor  aachaniaa.  Furthermore,  any  parcaptlbl*  change 
in  r.ha  stimulus  or  stimulus  sequence  which  haa  lad  to  habituation,  such  aa  a  changa  in  stimulus  intanaity 
(lncraaaa  or  dacraaaa)  ,  stimulus  quality,  or  atiaulua  pattern  lamdlately  avokaa  a  full  strength  potantlal; 
that  la,  dishabituation  (or  Inhibition  of  habituation)  occur*.  Suddan  cassation  of  tha  atianilu*  alto  pro¬ 
duces  coaqplate  or  partial  dishabituation  upon  tha  next  pratantatlon  of  the  asms  atiaulua  (13) . 

Tha  tan  "nonreintorced"  stimulus  used  in  tha  opening  aantanca  of  thla  aaction  la  a  vary  laportant 
Inclusion  in  daflnlng  situations  In  which  habituation  of  tha  avokad  potential  will  occur.  If  tha  atlaailus 
1*  in  some  way  rdniurcad  and,  tharafora,  haa  some  significance  to  tha  axperiaental  subject,  habituation 
of  tha  avokad  potential  resulting  froa  that  atiaulua  will  not  occur.  In  conditioning,  for  axaieple,  the 
experimental  subject  learns  to  parfora  an  appropriate  raaponaa  to  tha  conditioning  atiaulua.  During  such 
learning  tha  avokad  potentials  to  thla  stimulus  do  not  dacraaaa  in  amplitude,  and  nay  avan  incraaae  (19). 
Similar  findings  ara  reported  for  experimental  altuationa  in  which  human  subjects  acquire  stimulus  signi¬ 
ficance  through  experimental  Instructions.  If  directed  to  report  a  change  in  tha  atiaulua  or  to  react  to 
tha  atiaulua  aa  rapidly  aa  possible,  habituation  of  tha  evoked  potential  dnen  not  occur  (211,21,22).  Tliua, 
the  dimension  of  stimulus  slgnlflcanc*  or  amaning  plays  an  laportant  role  In  habituation. 

A  typical  conditioning  procedure  provides  an  axaaplc  of  (a)  tha  importance  of  atiaulua  significance  or 
aa  suing,  and  (b)  avldanca  for  viewing  habituation  as  a  central  phanoaanon  and  tharafora,  different  from 
tha  peripheral  phanoaanon  of  racaptor  adaptation.  Tha  subject  la  first  habituated  to  a  atiaulua,  such  a* 
a  click.  Ones  habituation  of  tha  avokad  potantlal  la  attained,  thla  saaa  stimulus  la  lamudlately  made  a 
(meaningful)  conditioning  stimulus  by  pairing  It  with  an  unconditioned  atiaulua,  auch  as  a  puff  of  air  to 
tha  eye.  Following  tha  first  few  auch  pairings,  a  full  strength  avokad  potantlal  la  observed  to  occur  to 
tha  click.  Since  the  atiaulua  properties  of  the  click  ere  conetant  throughout,  the  dlahabltuetlon  raaulting 
from  tha  conditioning  procedure  could  not  occur  if  the  previous  habituation  had  baan  the  result  of  soma 
changa  In  tha  peripheral  receptor  mechaalaa.  In  ahort,  it  is  poasibla  to  damonetrats  inhibition  of  habitu¬ 
ation  but  not  of  racaptor  adaptation. 

The  terminology  balng  uaad  In  ..his  dlscusaion  ganarataa  tha  quastion  of  the  atatus  of  habituation  aa  a 
'earning  process,  Thar*  la  nor  agratasnt  a*  to  whether  habituation  is  a  type  of  learning.  5o*m  researchers 
(14,19,17)  consider  habituation  to  ba  tha  aoat  slapla  type  of  learning  and,  Mrs  explicitly,  a  typo  of  neg¬ 
ative  learning  In  that  tha  subject  laarna  nut  to  respond  to  nonralnforcad  or  nonsignificant  atlaull.  This 
learning  procaao  la  considered  to  ba  analogous  to  that  occurring  in  tha  usual  slapla  conditioning  situation, 
except  In  tha  latter  ceaa,  the  subject  learns  to  raapond  to  reinforced  or  significant  atlaull.  Behavioral 
observation  dost  indicate  thla  to  be  tb~  case.  A  subject  in  an  habituation  situation  responds  to  tha  Initi¬ 
ally  novel  stimulus  in  that  ho  physically  orients  hi*  head,  and,  possibly  his  whole  body,  toward  it.  After 
a  few  nonralnforcad  presentations,  however,  tha  aubjact  no  longer  orient*  to  the  atiaulua  and,  In  the  absence 
ol!  othar  atlaulatlon,  may  bacons  drowsy  and  avan  go  tc  alaap  (23,24,25).  Following  habituation  of  the 
behevlorel  responses  to  the  nonreinforced  stimuli  it  the  above  mentioned  habituation  of  the  avokad  potantlala 
generated  by  these  atlaull  (15).  However,  In  tha  conditioning  situation,  whara  tha  atiaulua  bacoaaaa  signi¬ 
ficant  through  epproprlete  shaping  end  reinforcement  procedures,  th*  aubjact  remains  alert  end,  a*  discussed 
earlier,  evoked  potential  auppraaalon  la  not  obaarvad  to  occur. 

Other  theorists,  on  the  heals  that  learning  la  often  defined  se  a  relatively  permanent  change  In 
behavior,  do  not  cooaldsr  habituation  to  ba  a  type  of  la aiming  (26) .  Such  a  position  la  soaewhat  Justified 
In  that,  habituation,  while  It  can  b*  prolonged,  1*  never  permanent.  Recovery  or  dishabituation  of  th* 
evoked  potential  to  a  atiaulua  does  occur  following  a  period  of  rest  or  Interpolated  activity  (15).  However, 
rahebituation  to  the  saaa  atiaulua  ealdoa  require*  as  many  trials  or  atiaulua  praaantatlona  as  did  the  first 
habituation  session.  And  each  succeeding  session  require  a  fewer  and  fewer  presentation*  to  obtain  the  saaa 
degree  of  habitual  1„.-.  (19).  Thus,  ttwre  is  soars  "carry-over"  effect  which  doe*  indicate  habituation  to  be 
a  learning  process. 

Consideration  of  all  th*  above  findings  auggaat  tha  existence  of  aoaa  central  aachaniaa  which  ha*  a 
sensory-gating  fjneion,  suppressing  aanaory  Input  following  presentation  of  ncnreinforcad  or  nonsignificant 
stimuli  while  offering  no  such  resistance  to  Input  generated  by  reinforced  or  wignificant  atlaull.  The 
r*,,' vanes  of  auch  a  aachaniaa  to  attaatlonal  processes  is  obvious.  Thus,  investigator*  hava  attempted  to 
dataralr*  whet  thla  aachaniaa  la,  how  it  functions,  and  whara  in  the  aanaory  pathway  It  haa  its  affect.  On* 


of  tha  most  prolific  .eaaarchara  in  Chia  area  liaa  bean  Raul  Kamandea-Peon.  Aa  will  be  dlacuaaed  below, 
ha  and  hia  aaaociataa  have  constructed  a  strong  caae  for  Intrusting  Che  brain-atem  reticular  formation,  a 
region  where  impulses  of  ail  senaory  modalities  converge  with  thin  aenaory-gaclng  function.  Aa  Mentioned 
at  the  beginning  of  thla  aaction,  thla  group  of  lnveatigatore  haa  found  habituation  of  tha  evoked  potential 
to  occur  In  all  of  tha  prlnary  aanaory  pathway*  of  the  narvoua  ayataa.  Furthermore,  they  hava  found  habitu¬ 
ation  of  tha  evoked  potential  to  occur  firat  at  the  "higheat"  level  of  the  pathway;  at  tha  cortical  aanaory 
area.  With  further  stimulation,  evoked  pocantial  auppreaalon  la  than  obeerved  to  occur  auccaaslvely  at 
lower  and  lower  lavala  of  thd  pathway,  occurring  iaat  at  the  firat  afferent  aynapae  (27,28,29). 

Stiiaulua  Variablaa 

Before  further  pursuing  tha  major  topic,  it  may  be  of  benefit  to  the  reader  to  briefly  dlacuas  Impor¬ 
tant  arimulue  variable:  in  thio  of  raaaarch.  In  moat  of  the  atudiea,  initiation  and  duration  of 

cenaory  atlmulation  is  controlled  by  an  audio  oacillator  generating  oquere  wave  pulaes  of  desired  duration. 
Such  pulaea  yield  "cri»p'r  atlmuli  which  result  in  wall  defined  evoked  potentials,  aa  diacuai.ed  earlier. 
Stlmulua  duration  ve ilea  anywhere  from  a  few  hundredths  of  a  milleaecond  (10)  to  neve . al  ul . lliecondB  (31). 
Likewise,  intensity  and  rata  of  stimulation,  the  number  of  sj.perlmental  jisslons,  and  the  duration  of  an 
axparlaaantal  aasalon  vary  greatly  from  atudy  to  atudy. 

A  fay  at  .idles  of  a  parametric  nature  have  baan  repotted.  Colombo*  (30),  In  a  etuay  inveatigatlng  the 
suppression  of  auditory  nerve  activity  by  alactrical  stimulation  of  afferent  fibers  located  In  the  floor  of 
the  medulla,  reported  tha  affects  of  varying  (a)  strength  of  auditory  stimulation  (intensity  of  clicks), 
and  (b)  frequency  and  intensity  of  shock  to  tha  medullary  fibers.  For  constant  shock  valuaa,  the  auditory 
nervs  response  waa  more  likely  to  ba  abolished  when  tha  click  was  of  weak  intanalty.  With  weak  clicks,  fewer 
stlmulua  presantatlona  wars  required  for  complete  evoked  potential  auppreaalon.  Increased  rata  of  supreea- 
alon  of  tha  evoked  potential  to  tha  clicks  was  found  aa  the  intensity  and/or  frequency  of  medullary  ^tlaul- 
ation  was  increased  (to  soma  upper  limit),  while  holding  auditory  atlmulation  constant.  Senaory  stimulation 
at  the  fast  rates  laada  to  habituation  of  tha  avoktd  potantial  sooner  than  do  alow  rates  oe  atlmulation 
(19,32).  While  moat  studies  use  a  constant  rate  of  stimulus  presentation,  Webster  et  al.  (32)  found  a 
regular  rate  of  stlmulstiou  to  not  ba  a  nacassary  condition  for  habituation  to  occur.  However,  very  Intense 
stimulation  seldom  leads  to  habituation  of  tha  evoked  potantial.  Recording  from  the  cochlear  nucleus, 
inferior  colliculus,  and  medial  geniculate  body,  Webstar  (33/  more  recently  reports  an  Instance  In  which 
weak  auditory  stimuli  did  not  produce  larger  evoked  potantial  decrements  than  relatively  stronger  stimuli. 
Also,  diahabituetlon  waa  not  observed  aa  a  rejult  of  changes  in  rate  of  auditory  stimulation. 

While  describing  the  stimulus  psr.imeters  of  each  atudy  diacuaaad  in  the  present  paper  is  prohibitive , 
it  Is  important  that  the  reader  realise  that  these  factors  ara  of  significance  and  often  make  coaq>arluon  of 
atudiea  difficult  or  impossible.  In  brief,  law  of  these  studies  are  primarily  interest  in  the  rate  of  evoked 
potantial  habituation,  but  in  whether  or  not  habimation  to  ongoing  stimulation  occult  in  the  experimental 
situation  or  preparation  isider  invaatigation. 

Afferent  Neuronal  Inhibition 

Perhaps  tha  earliest  atudy  indicating  that  tha  reticular  formation  in  at  least  partially  responsible 
for  tha  control  of  seneory  input  waa  performed  by  Hagbarth  and  Kerr  (34).  With  domestic  cats  serving  aa 
subjects,  they  found  Chat  electrical  atlmulation  of  tha  midbrain  reticular  formation  reduced  the  amplitude 
of  postaynaptlc  afferent  volleys  recorded  from  lumbar  dorsal  roots.  It  should  ba  noted  that  thla  iim  reti¬ 
cular  atlmulation  simultaneously  produced  a  general  behavioral  alerting  of  the  organism  and  activation  of 
the  EEC  (low  voltage,  fast  activity)  as  first  reported  by  Horuxsi  and  Magoun  (7).  Tha  behavioral  alerting 
and  coocoamitant  neurophysiological  arousal  response  resulting  froa  reticular  stimulation  appears  identical 
to  that  observed  upon  the  presanteclon  of  a  novel  atlaulua  to  a  relaxed  subject.  Result#  similar  to  thooc 
of  Hagbarth  and  Karr  have  now  been  reported  for  all  modes  of  sensory  input  at  all  levels  of  the  central 
narvous  system  (9, 10, 35, 36, 37, 38, 39, 40) . 

Thus,  tha  combined  findings  of  (a)  the  brain-item  reticular  formation  being  a  center  of  convergence  for 
impulses  of  all  aanaory  modalities,  (b)  bahavioral  and  evokad  potential  suppression  to  nonreinforced  or  non¬ 
significant  stimuli,  (c)  a  similar  auppreaalon  of  aanaory  avokad  potentials  during  and  laawdlataly  following 
direct  stimulation  of  tha  reticular  formation,  (d)  tha  lncreasad  bahavioral  alertness  observed  during  and 
lmwtdlataly  following  reticular  stimulation  or  presantation  of  a  novel  stimulus,  and  therefore,  (e)  the 
apparent  relationship  between  avokad  potantial  amplitude  and  whachar  or  not  the  organism  la  attending  to 
tha  stimulus  which  initiated  tha  evokad  potantial,  generated  Hamander-Paon 'a  thaory  of  afferent  neuronal 
inhibition.  This  thaory  views  tha  reticular  formation  as  a  highly  important  aanaory  integration  canter 
which  exhibit*  cauLrif’igal  filtering  iufliMw,.«s  upon  information  it  receives  froa  all  aanaory  pathways 
(41).  At  a  given  moment ,  only  a  limited  number  of  incoming  aignals  reach  the  reticular  formation,  and 
all  others  ara  excluded.  "The  excluaion  of  afferent  impulres  from  aanaory  receptors  takas  place  Just  aa 
they  enter  tha  central  nervous  ayataa.  Therefore,  tha  first  sensory  synapse  functions  as  a  valva  where 
sensory  filtering  occurs  (41,  p,  515)."  But  thla  "valvo"  ia  controlled  by  tha  reticular  formation. 

Such  control  ia  obtained  through  c.) farent  inhibitory  fibers  which  course  from  the  reticular  formation 
to  tha  first  aanaory  synapse.  Soma  aviuenca  for  the  existence  of  such  fibers  is  presented  below.  Thus, 
a  type  of  faadback  loop  may  ba  concelvad,  with  tha  afferent  fibers  from  the  first  sensory  synapse  to  tha 
reticular  formation  representing  the  ascending  component  of  tha  loop,  and  the  afferent  inhibitory  fibers 
couralug  froa  tha  reticular  formation  to  the  firat  aanaory  synapse  representing  i he  descending  (centrifugal) 
component.  It  la  further  assumed  that  efferent  inhibitory  fibers  hava  similar  -  ifoeta  at  all  of  the  synaptic 
Junction*  of  a  primary  aanaory  partway  (27,11).  This  additional  assumption  would  explain  the  findings  dia¬ 
cuaaad  earlier  that  habituation  of  the  avokad  potantial  is  firat  observed  to  occur  at  the  cortical  receiving 
area  and  than  auccaaslvely  at  lower  brain  lavala.  The  inhibitory  effects  of  the  centrifugal  fibers  would 
have  a  cumulative  auppreaalon  affect  on  tha  incoming  evoked  potential  as  it  traversed  more  and  more  synaptic 
junctions  of  the  aanaory  pathways. 

It  ia  evident  that  Hurnandaa-Paon  and  hi*  collsaguaa  consider  tha  reticular  formation  as  controlling 
important  aanaory  integrative  nachanlama.  laprassive  avldance  for  thla  position  haa  been  reported  in  a 


aultituda  of  studies.  Perhaps  Che  studies  utilizing  anesthetics  and  lasioning  techniques,  more  than  any  of 
tha  others,  lend  support  to  this  position.  Unless  otherwise  stated,  all  of  the  studies  to  be  discussed  uaed 
domestic  cats  as  subject*. 

Drug  Studies 

it  has  bean  known  for  soma  time  (42)  that  central  anesthetics  yield  an  enhancement  of  cortical  evoked 
potentials.  Recording  from  subcortical  levels  of  specific  afferent  pathways  has  revealed  that,  under  the 
influence  of  central  anesthetics,  enhancement  of  sensory  evoked  potantialp  occurs  st  sll  levels  of  the  central 
nervoua  eyatem,  including  the  first  sensory  synapse.  Ilagbarth  and  Kerr  (34)  report  that  the  evoked  potentials 
recorded  from  spinal  afferent  neurone  are  Increased  in  amplitude  during  pentobarbital  or  r.hloralose  anes¬ 
thesia.  Slailcr  enhancement  of  avokad  potentials  during  pentobarbital  e'eathesla  has  been  observed  at  the 
gracilis  nucleus  in  tha  medulla  and  tha  lateral  geniculate  body  In  the  thalamus  (31).  As  long  as  the  effects 
of  the  central  anesthetic  are  praaant,  no  habituation  of  the  evoked  response  is  observed.  If  habituation 
kaa  occurred  just  prior  to  the  administration  cf  a  central  anesthetic,  complete  recovery  (or  diahaLituation) 
is  observed  after  the  anesthetic  has  taken  effect  (19).  Theee  observations  imply  that  central  anesthetics 
release  sensory  relay  stations  from  inhibitory  influences  which  act  tonically  during  wakefulness.  In  an 
effect  to  locate  the  orig'  of  such  tonic  inhibitory  influences,  a  variety  of  lesioning  studies  have  been 
performed. 

Lesion  Studies 

demands z-Paon  and  Brust-Caidona  (19)  report  n  comprehensive  study  in  which  habituation  of  evoked  poten¬ 
tial  initiated  by  tactile  stimulation  was  invastigated  following  removal  or  complete  sectioning  of  various 
levels  of  the  central  narvous  system.  The  evoked  potential  was  recorded  by  means  of  electrodes  implanted 
in  the  lateral  column  of  the  thoracic  aegaent  of  the  spinal  cord.  It  was  first  established  that  habituation 
would  occur  at  the  apinal  level  In  Intact  animals.  Following  removal  of  the  neoc.ortex,  habituation  of  the 
spinal  evoked  potentials  was  observed  to  occur  at  the  seme  rate  (or  sometimes  feeler)  as  it  had  in  the  intact 
subjects,  Sladlar  rasulta  ware  found  for  the  decerebrate  preparation.  (In  general,  structures  present  in 
the  decorticete,  but  not  in  the  decerebrate  are  the  forebrain,  the  temporal  lobee,  end  the  diencephalon,) 

Iri shah4 r—r Ion  v«e  el—  -haervad  ■in  b^rh  n*  these  pr— arrMone  following  a  slight  increase  in  stimulus 
Intensity.  The  use  of  an  increase  in  stimulus  intensity  to  demonstrate  the  occurrence  of  diahablcuetlon  was 
an  unfortunate  selection.  It  would  have  been  much  more  significant  to  find  the  same  result  using  a  slight 
dacraase  in  stimulus  intensity. 

If  afferent  neuronal  inhibition  results  from  centrifugal  inhibitory  infJuences  proceeding  from  the  reti¬ 
cular  formation  of  the  brain-stem,  then  the  apinal  responses  habituated  in  the  above  mentioned  decerebrate 
preparation  should  be  enhanced  by  Interrupting  the  poat.ulated  descending  Inhibitory  path  to  the  spinal  sen¬ 
sory  neurons.  This  is  what  hemanaez-Pean  and  fl’-ust-Canaona  found.  Following  severance  of  the  spinal  cord 
«t  the  second  cervical  level,  the  tactile  evoked  potentials  were  enhanced  to  their  original  aize,  Uiuuiluu- 
ctely,  no  analogous  attempts  wars  made  to  investigate  whether  or  not  dlshabltuatlon  occurred  as  a  result  of 
sectioning  at  the  brain  levels  above  the  reticular  formation.  The  theory  of  afferent  neuronal  inhibition 
would  predict  there  to  be  no  dishabltuetion  of  evoked  potentials  to  stimuli  which  the  subjects  were  habitu¬ 
ated  to  prior  to  the  surgical  manipulations. 

Other  studies  have  Investigated  the  affects  of  lesions  in  the  reticular  formation.  Extensive  lesion  of 
the  mid-brain  reticular  formation  prevented  acoustic  habituation  at  the  cochlear  nucleus  (43).  If  habit¬ 
uation  had  occurred  previous  to  lesioning,  dlshabltuatlon  occurred  Immediately  following  its  administration. 
Soma  lasioning  atudlas  (41)  indicate  that  different  areas  of  the  reticular  formation  do  not  participate  to 
the  same  extent  in  the  development  of  habituation  iu  the  different  sensory  pathways.  Mesencephalic  tegmen¬ 
tal  leaiona  prevent  habituation  of  olfactory  activity  whereas  legions  involving  the  pontine  tegmentum  do 
not  prevent  olfactory  habituation.  These  same  lesions  have  Just  the  opposite  effect  on  vestibular  acti¬ 
vity.  Pontine  lesions  prevent  vestibular  habituation  while  mesencephalic  lesions  do  not.  These  findings 
S'ige~st  an  anatomical  and/or  functional  organization  of  the  sensory  integration  properties  of  the  reticular 
formation. 

Distraction  Studies 

Perhaps  the  most  well-known  study  reported  by  Hernandez-Peon  is  of  this  type.  As  in  all  of  the  studies 
discussed  above  some  type  of  discrete  unreinforced  stimulus  1b  repetitively  presented  to  the  experimental 
subject  and  the  evoked  potentials  resulting  from  this  are  rerorded  from  some  point  in  tlie  sensory 

pathway.  A  dietracting  or  novel  stimulus,  usually  of  a  different  sensory  modaliLy,  is  then  presented  to  the 
subject  and  changes  in  the  evoked  potential  are  noted.  The  classic  study  of  this  type  was  performed  by 
liemandez-leon  et  al.  (31).  Evoked  potentials  to  auditory  clicks  were  recorded  from  the  dorsal  cochlear 
nucleus.  Long  before  habituation  to  the  clicks  could  occur,  visual  (mice),  olfactory  (fish  odor),  or 
aometic  (shock)  stimuli  were  presented  concurrently  with  the  clicks.  During  presentation  of  any  of  the  dis¬ 
tracting  stimuli,  the  amplitude  of  the  evoked  potentials  were  greatly  depressed.  Removal  of  the  distracting 
atimuli  led  to  immediete  recovery  of  the  auditory  evoked  potentials.  Similar  findings  have  been  reported 
for  visual  evoked  potentials  with  acoustic  distraction  (11),  olfactory  or  somatic  evoked  potentials  with 
visual  distraction  (16),  and  tactile  evoked  potentials  with  visual,  olfactory,  or  acoustic  distracting 
atimuli  (44). 

In  all  of  thase  atudies,  presentation  of  the  distracting  stimuli  led  to  behavioral  arousal  of  the  sub¬ 
jects.  Tha  suppression,  and  in  some  cases  disappearance,  of  the  evoked  potential  is  assumed  to  result  from 
the  subject  paying  attention  to  the  novel  stimulus  and  ignoring  the  other.  That  the  animal  is  alerted  by 
the  novel  stimulus  la  supported  by  the  fact  that  the  resulting  behavioul  alerting  response  is  like  that 
resulting  from  direct  reticular  stimulation  and  is  accompanied  by  an  activated  EEC  pattern.  These  same 
results  ara  found  In  dtcorticate  cat*  and  in  cats  with  destruction  of  the  specific  auditory  pathways  at 
the  mesencephalic  level  (45,41). 

Jana,  Smirnov,  and  Jasper  (46)  investigated  the  effects  of  distraction  stimuli  presented  to  th  same 
sansory  modalities  in  which  ongoing  atimulation  waa  occurring.  Auditory  clicks  and  visual  flashes  were 
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presented  simultaneously .  Evoked  potentials  to  these  stimuli  were  recorded  frost  the  auditory  and  the  visual 
cortices,  and  tha  medial  and  lateral  geniculate  bodies  of  the  thalamus.  Live  rata  end  recorded  rat  squeaks 
served  as  the  distraction  stimuli.  Praseutatian  of  either  of  the  distracting  etlaull  produced,  ot  all 
recording  sites,  evo.'tad  potentials  of  greater  amplitude  than  those  produced  before  or  after  the  presentation 
of  the  distracting  stimulus.  This  result  challenges  the  existence  of  a  sensory-gating  mechanism  and,  instead, 
indicated  ait  overall  diffuse  alerting  of  the  organism.  It  should  be  noted  that  these  researchers  measured 
svoktd  potential  peaks  of  only  20-30  msec,  latency  from  the  stimulus  onset  and,  therefore,  the  results  can¬ 
not  be  attrlbutad  to  measuring  secondary  peaks  resulting  from  diffuse  reticular  pathways. 

While  the  authors  make  little  of  it,  ft  is  also  important  to  note  that  they  found  none  facilatory  inter¬ 
action  or  cross-talk  between  auditory  and  visual  pathways.  Amplitudes  were  lower,  for  instance,  when  clicks 
were  presented  alone  then  when  both  clicks  end  fleshes  were  presented  simultaneously.  Perhaps  this  inter- 
modal  facilitation  was  maintained  during  presentation  of  the  distraction  stimulus.  A  related  possibility 
is  that  the  sensory-gating  mechanism  may  not  be  capable  of  suppressing  input  through  one  sensory  modality 
while  allowing  simultaneous  Input  of  another  modality  to  pass  on  unhindered.  Great  effort  was  taken  in 
thia  study  to  make  the  two  stimuli  as  simultaneous  as  possible,  including  a  10  msec,  delay  In  the  present¬ 
ation  of  the  click  to  allow  for  the  longer  input  time  of  the  visual  system  due  to  the  photo-chemical  process 
of  the  retina.  Thus,  upon  receiving  such  “time-locked,"  dual  modality  stimulation,  the  sensory-gating 
mechanism  may,  in  the  interest  of  the  organism,  suppress  neither  of  the  stimuli  if  one  of  them  Is  of  slgni- 
Clcancs  or  novel  to  th*  organism,  or  if  one  of  them  is  sharing  a  pathway  carrying  other  novel  or  signifi¬ 
cant  stimuli.  Whether  or  not  this  hypothetical  explanation  of  the  Jane  et  al.  results  is  compatible  with 
the  previously  suggested  functional  organization  of  the  reticular  formation  Is  a  matter  of  speculation. 

But  if  the  theory  of  afferent  neuronal  inhibition  la  to  be  of  any  utility.  It  muat  be  capable  of  explaining 
and  predicting  the  results  of  both  inter-modality  and  intra-modality  distraction  studies.  Whether  or  not 
it  successfully  handles  the  latter  Is  yet  to  be  determined. 

Efferent  Inhibitory  Fibers 

A  basic  premise  of  the  theory  of  afferent  neuronal  inhibition  is  that  the  reticular  formation  la  cap¬ 
able  of  Inhibiting  sensory  input  at  the  afferent  synapses  by  means  of  efferent  inhibitory  fibers  under  its 
control.  That  electrical  stimulation  of  the  reticular  formation  yields  a  suppi.vaaj.on  of  evoked  potential 
amplitude  offers  some  indirect  evidence  for  the  existence  of  such  fibers.  A  few  studies  offer  store  direct 
evidence.  Galambog  (30),  recording  from  the  tound  window  of  the  cochlea,  found  electrical  stimulation  of 
a  v.  ry  restricted  area  near  the  floor  of  the  medulla  to  suppress  the  amplitude  of  evoked  potentials  gener¬ 
ated  by  auditory  clicks,  Histological  investigation  revaalad  this  area  to  be  located  in  the  olivo-cochlear 
pathway,  which  was  first  described  as  an  auditory  afferent  pathway  by  Rasmuaaen  (47, 48) .  The  fibers  of  this 

pathvay  are  known  to  end  in  the  cochlea,  but  exactly  where  in  that  organ  Is  not  known.  If  this  pathway  wee 

cut  peripheral  to  the  site  of  stimulation,  habituation  of  the  evoked  potential  could  not  be  obtained.  Con¬ 
trol  lealona  made  in  closely  adjoining  areas  did  not  prevent  habituation.  Thus,  these  results  suggest  that 
impulses  transported  by  the  olivo-cochlear  tibora  a-e  somehow  required  for  habituation  of  evoked  potentials 
recorded  from  the  round  window. 

This  finding,  while  not  necessarily  in  conflict,  would  not  be  predicted  from  the  theory  of  afferent 
neuronal  inhibition.  The  theory  considers  central  control  of  Bensory  input  to  occur  no  sooner  than  at 
the  first  afferent  aynepae.  Advocates  of  afferent  neuronal  inhibition  consider  the  efferent  inhibitory 
fibers  to  be  anatomically  within  or  iimiiedlately  adjacent  to  the  primary  sensory  pathways.  Splnelll,  Pribram, 

and  Ualngarten  (49)  have  reported  a  most  Intriguing  finding  which  supports  this  position.  Evoked  potentials 

were  recorded  from  the  optic  nerve  of  the  retina  when  a  curarired  cat  was  stimulated  with  auditory  clicks 
to  its  ear.  Since  there  was  no  discrete  stimulation  to  the  visual  system,  these  evoked  potentials  were 
interpreted  as  being  efferent  Impulses  sent  out  to  the  retina  from  the  brain  while  it  was  processing  the 
input  of  the  auditory  pathway.  Most  recently,  Irvine  and  Webster  (SO)  presented  evidence  that  the  olivo¬ 
cochlear  bundle  does  not  function  as  a  gating  mechanism  in  the  auditory  system. 

Other  Theories  and  Research 

For  the  moat  part,  the  findings  of  the  behavioral  and  neurophysiological  research  on  vigilance  and 
alertness  support  a  position  which  considers  the  reticular  formation  to  be  a  sensory  Integration  center, 
capable  of  suppressing  input  generated  by  nonsignificant  stimuli  by  means  of  efferent  inhibitory  fibers 
coursing  from  the  reticular  formation  to  synapses  of  the  afferent  sensory  psttiways.  However,  this  position, 
and  the  research  upon  which  it  is  based,  is  nor  without  its  critics.  A  fundamental  point  of  dispute  is 
whether  habituation  of  the  evok'd  potential  is  a  central  or  peripheral  phenomenon.  Obviously,  HemanJez- 
Peon  and  hie  colleagues  consider  habituation  to  occur  centrally.  The  peripheral  viewpoint  considers  habit¬ 
uation  to  occur  outside  the  central  nervous  system,  as  a  result  of  the  activity  of  structures  or  mechanisms 
peripheral  to  the  sensory  receptor. 

More  specifically,  the  peripheral  explanation  of  habituation  states  that  leee  sensory  input  enters  tha 
primary  sensory  pathway.  Mechanisms  peripheral  to  the  receptor,  but  which  ere  in  someway  involved  m  sen¬ 
sory  input  transmission  or  traneduction,  are  considered  responsible  for  this  reduction  of  input  to  the 
central  nervous  system.  In  the  uuditory  system,  for  example,  it  is  well  founded  that  upon  presentation 
of  a  vary  loud  auditory  stimulus,  the  middle  ear  muscles  (tensor  tympanl  end  stapedius)  contract,  thereby 
yielding  a  change  in  the  articulation  of  the  small  bones  of  the  middle  eur.  These  bones  transmit  auditory 
input  frou  the  ear  u.um  to  the  oval  window  of  the  cochlea.  The  change  in  articulation  is  a  protective  mechan¬ 
ism  which  prevents  damage  to  the  receptors  In  the  cochlea  by  over-stimulation.  According  to  the  peripheral 
position,  it  is  a  similar  activity  of  these  middle  ear  uuecleo  which  accounts  for  auditory  habituation,  An 
analogous  mechanism  in  the  visual  system  would  be  the  pupil. 

The  bulk  of  the  research  which  attempts  to  resolve  this  dispute  has  selected  the  auditory  oyctem  as  a 
means  of  attack.  This  choic.  wee  most  likely  governed  by  the  relatively  easy  access  to  peripheral  atruct- 
turee  (cochlea  and  middle  war  muacleu)  of  the  auditory  system.  Therefore,  research  involving  the  auditory 
modality  will  be  utilizer'  in  this  discussion  of  central  vs.  peripheral  explanations  of  habituation.  Tha 
methodology  used  by  advocates  of  both  viewpoints  enneieta  of  three  fundamental  steps:  (e)  It  is  first  con- 
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firmed  that  habituation  will  occur  in  the  intact  organism;  (b)  the  structured  or  mechanisms  assumed  by  the 
peripheral  explanation  to  be  responsible  Cor  habituation  (t  e  middle  ear  muscles  of  the  auditory  mode)  are 
removed  or  rendered  nonfunctional;  (c)  cbaervntiona  are  made  to  discover  whether  or  not  dlshabituation  occurs 
as  s  rasult  of  step  (b) ,  or  if  habituation  can  be  obtained  following  step  (b) .  This  procedure  would  seem 
to  offer  unequivocal  results.  Such  has  not  bean  the  case.  Proponents  of  both  the  central  and  the  peri¬ 
pheral  positions  cousiatantly  report  reeults  which  uupport  their  respective  viewpoints. 

Galuiboa  (30),  recording  from  the  round  window,  found  u  contraction  of  the  alddle  ear  muscleH  to  accom¬ 
pany  evoked  potential  suppression.  Upon  repeating  the  study  in  curarlied  animal)  with  the  middle  uar  muscles 
removed,  Galaabos  found  evoked  potential  suppression  to  still  occur.  Moushugian  et  al  (12)  ,  recording  from 
the  auditory  cortex,  also  found  habituation  of  evoked  potentials  following  removal  of  "he  middle  ear  iauueles. 
Diahabicuatlon  was  then  observed  to  occur  upun  making  the  clicks  conditioning  stimuli.  Visual  distraction 
during  the  conditioning  session  again  led  to  suppression.  These  findings ,  of  course,  concur  with  a  central 
explanation  of  habituation.  Hugelin,  Dumont,  and  Paileu  (51)  replicuted  Galamhos'  finding  nudltury  habit¬ 
uation  previous  to  middle  ear  muscle  removal.  However,  they  found  very  little  or  no  habituation  of  auditory 
evoked  potentials  following  removal  of  the  muscles.  Gt  mon-Flores,  Alcaraz,  mul  Harmony  (52)  report  findings 
similar  to  those  of  Hugelln  et  al.  Thua,  these  researchers  advocate  a  peripheral  explanation  of  habituation. 

Hors  recent  studies  offer  some  evidence  for  rejecting  the  peripheral  explanation  of  evoked  potential 
habituation.  Worden  and  Marsh  (53)  and  Worden,  Marsh,  Abraham,  and  Whittlesey  (54)  found  the  position  ol 
the  subject's  head  within  the  field  of  the  sound  source  to  be  an  important  variable  in  recording  auditory 
evoked  potentials.  Without  proper  control  of  this  factor,  variation  in  evoked  potential  amplitude,  unre¬ 
lated  to  stimulua  significance,  was  found  as  the  subject’s  head  was  moved  from  position  to  position  with 
respect  to  the  sound  source.  The  greatest  affect  cl'  poeition  changes  occurred  at  the  lower  auditory  centers; 
the  cochlear  nucleus  and  the  Inferior  colliculi.  Ear  phones  were  then  developed  which  held  acini'. Lie  input 
constant.  Using  this  improved  control  of  the  experimental  situation ,  Mari h  and  Worden  (55)  looked  at 
habituation  to  auditory  clicks.  For  evoked  potential  samples  with  the  subjects  in  on  alerted  state,  no 
consistent  effect  wea  observed  at  the  cochlear  nucleus,  although  a  progressive  decrease  in  amplitude  was 
found  at  the  auditory  coitex.  This  finding  (and  those  previously  dlBcussed  in  which  habituation  of  the  evoked 
potential  was  found  to  occur  sequentially  at  successively  lower  brain  levels)  suggests  that  peripheral  mechan¬ 
isms  are  not  responsible  for  evoked  potential  suppression.  If  habituation  were  the  result  of  peripheral 
mechanisms,  any  suppression  effect  would  be  expected  to  occur  at  all  levein  of  the  central  nervous  system 
simultaneously,  March  and  Warden  also  report  that  evoked  potentials  in  non-alerted  samples  were  of  greater 
amplitude  than  in  alerted  samples.  Tills  finding  la  compatible  with  previous  results,  in  that  the  reticular 
formation  is  less  active  in  non-alerted  organisms,  and  1b,  therefore,  yielding  less  tonic  inhibitory  influ¬ 
ences  on  primary  sensory  pathways . 

Webster  ct  al.  (32)  have  clso  attempted  to  clarify  the  central  vb.  peripheral  controversy.  Again  audi¬ 
tion  was  the  sensory  mode  selected  for  study.  These  researchers  point  out  that  a  premise  which  one  must 
accept  if  he  advocates  the  peripheral  explanation  is  that  habituation  of  the  uvoked  potential  1b  produced 
by  temporal  conditioning  of  the  middle  ear  muscles,  since  the  latency  of  these  muscles  is  fur  greater  tliAu 
the  duration  of  stimuli  usually  employed.  This  implies  that  a  constant  interval  between  stimuli  is  neces¬ 
sary  for  habituation  to  occur.  As  discussed  earlier,  these  investigators  found  a  regular  rate  of  stimuli- 
ation  to  be  an  unnecessary  condition  for  the  occurrence  of  habituation. 

Another  interesting  finding  is  reported  in  the  Webster  et  al.  study.  Sodium  pentobarbital  did  not 
abolish  habituation  obtained  prior  to  its  administration.  This  finding,  of  course,  is  in  direct  opposition 
to  all  previous  reports  of  the  effects  of  barbituates  upon  habituation.  Furthermore,  Carmel  and  Starr  (56) 
have  shown  barbituates  to  block  the  action  of  the  middle  ear  muscles.  Taken  together,  these  studies  offer 
results  which  are  difficult  for  both  the  central  and  the  peripheral  positions  to  interpret. 

Thus,  the  trend  seems  to  indicate  that  habituation  of  the  evoked  potential  is  the  result  of  central 
mechanisms,  with  the  reticular  formation  playing  a  most  important  role.  But,  it  would  be  naive  to  state 
that  higher  brain  structures,  when  present,  have  no  influence  on  the  reticular  formation  and,  therefore,  on 
habituation.  As  with  electrical  stimulation  of  the  reticular  formation,  many  studies  have  found  stimulation 
of  the  cortex  to  suppress  evoked  potential  amplitude  ’•esul'lug  from  peripheral  stimulation  (37,57).  How¬ 
ever,  based  upon  the  leuioning  studies  discussed  above  in  which  habituation  wus  obtained  following  removul  of 
brain  centers  above  the  reticular  formation,  llernandez-Puon  and  his  collaborators  do  not  consider  these 
higher  centers  as  necessary  for  the  occurrence  of  evoked  potential  habituation. 

There  are  researchers  who  do  consider  the  higher  brain  centers,  including  the  cortex,  to  play  u  necuB- 
fury  and  important  role  in  habituation.  The  research  of  these  cortical  theorists,  howuver,  has  emphusJxed 
the  study  of  liabituutlou  of  the  behavioral  orienting  response  (briefly  mentioned  earlier)  rather  than  the 
study  of  evoked  potential  habituation  (see  Lynn  (23),  for  a  review  of  thin  research) .  Sokolov  (58),  for 

instance,  vle.ts  the  cortex  as  a  hLgh  level  comparator  which  atoms  "nervous  models"  of  past  stimulation. 

If  uenaory  input  matches  the  "nervous  models"  or  replicas  of  nonreinforced  or  nonsignificant  stimuli  depos¬ 
ited  in  the  cortex  as  a  result  of  previous  stimulation,  inhibitory  Impulses  are  sent  from  the  cortex  to  retard 
the  input  of  the  afferent  sensory  collaterals  entering  thu  reticular  formation  and,  thus,  prevent  or  redueu 
the  orienting  response.  If  the  stimulus  is  novel,  activation  of  thu  reticular  formation  by  the  afferent 
sensory  collaterals  Is  not  prevented,  thereby  allowing  the  orienting  response  to  occur.  Obviously,  tf  one 
desired,  this  theoretical  model  could  also  be  applied  as  an  explanation  of  evoked  potuntiul  habituation  or 
afferent  neuronal  Inhibition.  However,  since  liabituutlou  of  the  orienting  response  occurs  before  und  In 
many  fewer  trials  than  evoked  potential  habituation,  liernaudev-Peon  (14)  suggested  that  different  mechanisms 
are  involved  in  habituation  of  the  orienting  response  and  afferent  neuronal  habituation.  Based  upon  current 

knowledge,  such  a  suggestion  seems  premature.  Jouvet  (59),  another  theorist  who  stresses  the  importance  of 

the  cortex  in  habituation  of  the  orienting  response,  found  that  cortical,  mesencephalic,  and  cochluar  evoked 
potentials  persisted  undirainished  in  amplitude  after  EKG  activation  had  habituated,  and  that,  complete  habitu¬ 
ation  of  the  evoked  potential  was  not  ponuible  in  ueodecortlcate  onluiala.  lie  concluded  that  habituation  ul 
the  evoked  potential,  reprei  unte  an  Inhibitory  effect  on  the  reticular  formation  by  the  cortex, 
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Tins  studies  upon  which  the  theory  of  efferent  ueurtmul  lulilhi  t.  Inn  In  I  mindnd  Imve  i  cm  I  rl  "il  pcilphuutl 
stimulation  to  the  use  of  simple  in.  Irani),  Much  as  rLtcku,  iihor.kii,  or  lluiihea  ul  light.  Hot,  In  I  lie  Intuit 
organists,  it  la  also  possible  to  obtain  luthli  usLlon  to  more  complex  stimuli,  such  .11  a  pattern  ul  t  mien  'lot 
inatancs,  high'-IoW-high) .  lUiihuliilunlioii  oce.ULM  to  a  change  In  the  pattern  (l  or  liiHlimee,  high  li I nh  -lil ith) . 

It  han  bean  shown  in  luuiuing  stud  lea  that  nueli  auditory  pal  turn  illaerhiiinat  Ion  r«i|itlreii  at  least  pur'  ul 
tlu  ludltory  cortex  Lu  he  proHMiit.,  since  ILh  complete  removal  prevail  lu  aueli  learning  (Ml).  t'lioa,  the  Minl'onn 
by  udvocatss  ol  afferent  neuronal  Lnhlliltiua  that  higher  Ktenct.iites  til  the  central  tieiv. ms  ay h tern  are  mine 
c.eaaary  for  the  occurrence  oi  uvokud  potential  habitual  ion  may  contain  a  stimulus  arlllavl  ,  In  I  hat  only 
very  simple  stimuli  were  us  ml-  it  ia  difficult  to  exclude  the  col  tex  as  not  being  Involved  I  it  hah  1 1  uxl  ion, 
particularly  wiien  more  complex  stimuli  are  involved.  A  study  by  Kusinov  end  Smirnov  (lb)  oilers  a  druimitlc 
example.  Human  subjects  were  first:  completely  habit  tinted  to  words  of  similar  meanings  (hut  dllleteitl  Muasls)  . 
Upon  presentation  or  words  with  tllfferent  meanings  (Imt  clmllnr  annuls),  ,1]  Ninth  It  list  Ion  oeeinred  I  muted  I  at  e  I  y  , 
Apparently  burrowing  somewliat  trout  the  Sokolov  model,  Mower  (62)  olfntii  mi  interesting  aperulai  list, 

Depending  upon  the  complexity  ul  the  iaiuL  ill  I tittt  1  tin ,  I  lie  eotnpnc lsini  ol 
Ilium  to  stored  replica  goes  on  at  dl  l  I  e.re.nt  levels  ol  the  hr  tin.  The  nionntip 
tlon  would  lie  ihnL  the  neural  si  ructurns  rospoiir.  lit  le  (or  It/ihl  1  uni  1 00  to  a 
particular  stimulus  are  uL  the  same  level  us  those  required  for  Lis  dlsertuilii 
ation  (p.  bb5). 


Uttmatt  Stutlins 

Tho  usa  of  human  subjects  offers  distinct  advantages  in  the  study  ol  sensory  habituation  and,  ovt u  mote 
so,  attention.  Through  Instructional  set,  it  is  possible  to  study  voluntary  at  tent:  loll  (alertness)  to 
ssisetad  stimuli.  llernandes-l’eon  and  Uonur.b  (6  1,64)  recording  front  within  the  viHunj  cortex,  studied  visual 
evoked  potentials  to  flashes  of  light.  The  umplltuilu  of  tlw  uvokud  potentials  wern  slgniiicmtl ly  reduced 
while  the  subjects  were  performing  ariUuuatic  calculations.  When  the.  subjects  arrived  at  a  solution  to  a 
problem,  the  evoked  potential  amplitude  recovered.  The  autumn,  ol  amplitude  suppression  occurring  dot  ing 
mental  work  wau  proportional  to  Lite  difficulty  yf  Lite  task;  the  morn  difficult  the  problem,  Lite  gt eater  the 
suppression.  Similar  results  wars  found  whan  muutluual  excitement  was  used  in  place  ol  mental  work. 
Uamunden-l'eou  (211)  found  simple  conversation  on  suite  topic  nl  Interest  to  the  suoject  to  rudttcn  tint  auipl  I 
tude  of  cortical  evoked  potentials  resulting  fruu  tactile  stimuli. 

Vigilance  situations,  like  Imbituatioit  studies,  present  an  excellent  musus  of  autdyiog  alertneSH  sod 
attantiun  lit  human  aubjecta  (05,66),  A  vigilance  task  may  by  dnlTmtd  as  a  monotonous  situation  ill  which  1  lie 
subject  inuat  observe  repetitive  stimulus  presentation,  usually  tor  n  long  period  ol  time,  (such  as  otto  or 
two  liours).  Ocasslonally ,  the  HLiuiulus  will  change  in  some  delimit!  way,  mid  this  In  dellned  as  a  critics! 
stimulus  wlilch  the  sub  ject  must  detect  and  report.  Depending  on  the  difficulty  of  the  task,  detect  loti  per¬ 
formance  usually  deteriorates  over  time.  Most  researchers  in  tills  Held  assume  the  perlormance  decrement 
to  bu  the  "Ru  1 1  of  changeti  in  the  observer's  state  of  attentiveness. 

The  similarity  of  the  habituutlon  situation  and  the  situplu  vigilance  Hluistlon  Is  SLriklilg,  and  Its  ,  been 
previously  noted  by  Praukmsnu  and  Aduma  (67),  Muc.kworUi  (ub) ,  mid  Scut l  (O'l) .  In  both  sltuallon'i,  .  In1  sub¬ 
ject  1s  monotonously  presented  with  nonsignificant  stimuli  over  a  prolonged  period  of  time .  i  nly  very  suldoni 
doe*  a  oignificant  stimulus  (signal)  occur  lit  the  vigilance  situation.  Amplitude  suppression  of  Hie  evoked 
renpotiBB  has  bean  found  to  occur  in  both  the  hubltuntiou  and  the  vigilance  situation,  And,  both  the  peri  or- 
nance  decrement  In  vigilance  uud  the  evoked  response  amplitude  decrement  in  habituation  general iy  produce 
a  negatively  accelerated  function  over  time.  Viudrugs  analogous  i  t  'lame  ul  difdiutii tunt  ion  Iibvu  also  been 
reported  for  the  vigilance  situation.  A  rest:  Interval  rumilL.x  In  temporary  performance  improvement.  In  a 
vlgllancu  taak  (70,71).  The  occurrence  of  an  extraneous  or  novel  stimulus  Inin  also  been  found  to  tetiiporurfly 
Improve  detection  perfonaar.ee  (68)  . 

Haider  at  al. .  (10)  recorded  vi  sually  evoked  potentials  from  the  ucalp  of  subjects  performing  a  vlgl  I  iuicc 
taak.  Flushes  of  lLght  were  presented  to  the  subjects,  wlui  were  Instructed  to  press  a  level  whenever  s  dim 
flash  (critical  stimulus)  occurred.  Aa  datnetion  efficiency  diu'luislu.d  over  Llmu,  the  ampl  itude  of  averaged 
evoked  potentials  to  non  signal  stimuli  decreased  and  luloncy  lncreamid.  brief  I  luctuat  lotin  1.,  vigilance 
performanca  (attantlvnness)  during  the  course  of  the  task  also  were  accompanied  by  corresponding  changes  lu 
avokad  potantlal  amplitude  to  non- signal  stimuli.  Averaged  evoked  potentials  to  missed  >r  titm-ilelseLud 
Htiuuli  ware  of  lower  amplitude  than  those  tu  detected  critical  stimuli.  This  lust  finding  was  present, 
during  both  early  and  late  Hlagen  of  the  task,  and  therefore,  wau  not  dependent  mi  the  overall  decline,  in 
vigilance  performance, 

Spting  ot  ul.  (22)  presented  click  and  flash  stimuli  alternately  to  human  subjects  who  were  instructed 
to  1 claetively  attend  to  stimuli  of  only  one  of  the  two  modes.  Stimuli  of  the  non-utteudiid-tc  mode  were  nf 
constant  Intensity,  while  an  occasional  weak  intensity  stimulus  wau  presented  in  the  uLlutid-lu  mode.  The 
subjects  wera  to  detect  tlia  weaker,  or  criticul  stimuli.  Uauponsas  to  flesltua  recorded  trout  the  occipital 
area  wars  larger  when  attention  was  directed  toward  visual  stimuli,  and  responses  to  click  stimuli,  recorded 
from  the  temporal  urea  wars  larger  when  attention  was  directed  toward  auditory  stimuli,  liliullar  IliidiugH 
are  reported  by  Morris  (72),  who  uluo  preaantod  click  end  flash  stimuli,  and  Satterfield  (7T)  who  preaenled 
auditory  and  tactile  stimuli.  Using  a  taak  assumed  to  ruquiru  a  high  degree  ol  attention,  Davis  (211)  found 
auditory  avokad  potentials  to  b«  enhanced  in  neplitude  by  instructing  the  listener  to  tuske  a  difficult  audi  ¬ 
tory  discrimination. 


Summary 

Currant  research  atfurtu  urw  being  directed  at  differin' ..laliug  the  affects  01  general  anneal  uud  of 
specific  attention  011  the  averaged  evoked  response.  Using  simple  but  ingenious  axperitaental  designs,  linuutt 
and  hie  associates  (74,75,76)  have  found  the  evoked  response  to  he  related  to  both  general  arousal  and 
specific  attention.  The  combined  uffnctn  of  Increasing  or  decreasing  arousal  and  shifts  lit  attention  toward 
or  sway  from  tho  evoking  stimulus  datuimltiu  thu  overall  not  cltuugu  lu  uvoked  response  amplitude.  .'Jiutllur 
efforts  involving  the  auditory  modality  liavn  been  couductail  by  Picton  and  lliilyurd  (77)  slid  Wilkinson  and 
Las  (78). 
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Tha  machanism  responsible  for  the  gating  of  significant  and  nonsignificant  stimuli  haa  yat  to  ba  aatla- 
factorily  daflnad.  Whlla  a  conaarvatlva  position,  tha  Ltsaarch  which  haa  bean  discussed  seams  to  indicate 
that  aanaory  gating  can  occur  at  several  polnta  in  the  aenaory  pathway,  including  (a)  peripheral  to  tha  aan- 
aory  receptor,  (b)  at  tha  aanaory  rocaptor,  and  (c)  at  synaptic  Junctlona  of  the  aanaoty  fibers. 

Tha  theory  of  afferent  nauronal  inhibition  la  the  moat  complete  theory  attempting  to  explain  habituation 
and  suppression  of  the  evoked  potential.  The  reticular  formation  la  considered  to  control  aanaory  input  by 
means  of  afferent  flbara  which  inhibit  input  at  aenaory  aynapaea.  Of  the  three  reported  typea  of  gating 
Hated,  thia  explanation  la  the  teoat  paralaonioua .  But,  it  cannot  be  denied  that  evoked  potential  aupprea- 
aion  at  the  receptor,  and  functional  changea  of  peripheral  aanaory  structures  have  alao  been  observed  to 
lccoapany  repetitive  stimulation.  Certainly,  the  reticular  formation  partlcipatea  in  the  gating  of  sensory 
input.  Ideally,  it  raceives  information  from  all  aenaory  inputs,  as  would  be  expected  of  a  aenaory-gating 
'■echanism.  The  fact  that  direct  stimulation  of  tha  reticular  formation  ylelde  cortical  activation  end  an 
ri  organism,  while  stimuJ taneoualy  auppresaing  input  front  ongoing  stimulation,  alao  makes  this  ''structure" 
u  candidate  for  playing  eome  role  in  the  gating  of  aenaory  Input. 

But,  it  is  likely  that  higher  central  nervous  system  structures  ere  also  involved  in  the  gating  procesu. 
While  offering  some  methological  problems,  studies  which  utilize  atiauli  of  a  more  complex  nature  than  those 
used  in  most  of  the  studies  discussed  above  may  reveal  thia  to  be  the  case.  In  ti.e  study  of  visual  Input, 
for  Instance,  tachletoecopic  presentation  of  such  stimuli  would  still  allow  the  researcher  to  trace  the 
sensory  input  in  the  form  of  the  evoked  potential.  Many  of  the  studies  upon  which  afferent  neuronal  inhibi¬ 
tion  is  founded  should  be  replicated,  thereby  taking  advantage  of  recently  developed  instrumentation.  The 
data  obtained  from  these  newer  devices  are  not  only  more  reliable,  but  are  more  readily  available  to  quanti¬ 
fication  and  statistical  analysis.  Unfortunately,  in  many  of  the  studies  discussed  in  this  paper,  only  a 
visual  analysis  was  performed  on  the  data. 

The  human  subject,  while  offering  only  evoked  potential  data  recorded  from  the  scalp,  is  unique  in  the 
study  of  attention.  Stimuli  can  gain  significarce  v  it  uonaignificance)  for  the  human  subject  simply  through 
appropriate  instructions.  Thus,  a  type  of  control  is  achieved  which  is  not  readily  available  when  using 
non-human  subjectn.  of  course,  only  through  the  collection  and  analysis  of  comparative  data,  both  behavioral 
and  neurophysiological,  will  the  physiological  mechanisms  of  attention  come  to  be  understood. 


PART  III 

DIET  AND  PlhOT  ALERTNESS 

The  relationship  between  diec  and  the  behavior  of  man  has  been  shown  to  be  both  direct  and  indirect, 
multifactorial  and  highly  complex.  In  considering  the  breadth  of  ChiB  relationship,  one  must  consider  the 
impact  of  deficiencies  or  excesses  of  more  than  forty  Known  nutrients  required  by  the  body,  the  frequency 
witli  which  these  nutrients  are  consumed,  the  ovora.i  balance  of  nutrients,  and  the  impact  of  many  environ¬ 
mental  factors  which  can  effect  the  utilization  rates  of  theae  nutrients.  Adding  to  the  complexity  of  the 
problem  la  the  ability  to  measure  those  physiological  and  psychological  parameters  which  contribute  to  coor¬ 
dinated  organized  goal-directed  behavior  which  includes  as  a  major  component,  alertness.  For  the  purpose 
of  this  discussion,  only  four  areas  of  consideration  will  be  discussed;  (1)  Bhort-term  nutrient  deprivation, 
(2)  long-term  nutrient  restriction,  (3)  diets  deficient  in  one  or  core  nutrients,  and  (4)  diets  lacking 
appropriate  nutrient  balance. 


Short-Term  Nutrient  Deprivation 

When  an  individual  falls  to  consume  food  for  periods  longer  than  six  to  eight  hours,  his  energ-'  meta¬ 
bolism  reverts  almost  entirely  to  body  stores  to  carjy  on  body  functions  and  work.  Absorption  of  nutrients 
from  the  gastrointestinal  tract  becomes  insignificant  at  this  point  in  time.  Under  circumstances  where  the 
individual  is  asleep  or  at  complete  rest  and  fasting  for  six  to  eight  hours,  the  body  storen  of  carbohydrates 
as  well  ae  blood  glucose  levels  remain  stable.  If  on  the  other  hand  the  individual  is  engaged  in  moderate 
to  high  activity,  thia  level  will  be  substantially  reduced.  Since  the  central  nervous  system  uses  blood 
glucose  almost  exclusively  for  fuel  (79),  it  would  be  anticipated  that  this  system  would  be  adversely 
affected  during  total  nutrient  deprivation.  Thia  hypothesis  is  supported  by  an  increase  in  tho  occurrence 
of  hypoglycemia  in  fasting  individuals  performing  moderate  activity  (80,81).  An  attempt  to  demonstrate 
hypoglycemia  in  flying  personnel  who  did  not  eat  breakfaet  was  unsuccessful  as  reported  by  Robbins  et  al. 

(82) .  Brozek  (83,84)  has  reported  that  deterioration  in  both  coordination  and  speed  of  movements  weie 
experienced  during  four  days  of  acute  starvation  whereiB  strength  measures  nts  remained  essentially  unchanged 
In  studies  by  Sling  et  al.  (85)  it  was  shown  that  cortico-retincl  function  and  psychomotor  functions  were 
significantly  reduced  tn  subjects  having  no  breakfast  and  exposed  to  an  altitude  of  15,000  feet,  whereas 
subjects  having  a  high  carbohydrates  hreakfast  and  exposed  to  the  same  altitude  showed  no  impairment. 

First  wt  must  ask,  how  relevant  is  nutrient  deprivation  to  flying  operations?  Our  observation  of  flying 
personnel  throughout  recent  years  haz  convinced  us  that  nutrient  deprivation  is  relatively  frequent.  In 
eome  alrctcft  systems,  particularly  high  altitude  and  fighter  bomber  aircraft,  food  systems  are  entirely 
make-shift  despite  10  and  12  hour  mission  profiles.  Pilots  flying  these  aircraft  have  confided  that  fre¬ 
quently  they  do  not  eat  up  to  12  hours  prefllght  to  avoid  the  necessity  of  defecating  in  flight.  Pilots  who 
fly  transport  aircraft  alao  have  a  problem  in  that  they  are  affected  by  multiple  time  zone  changes.  As  a 
result,  these  piJ.cs  undergo  shifts  in  circadian  rhythm  and  frequently  omit  meals.  The  inability  to  obtain 
appealing  food  may  alao  contribute  to  omitting  meals.  Frequently,  crewmembers  fly  one  leg  of  a  mission  and 
arrive  during  tho  normal  breakfast  hours  of  that  location,  although  their  biological  time  is  midday.  Rather 
than  eat  a  second  breakfast,  they  elect  to  omit  the  meal. 

Tuttle  et  al.  (86,87,88)  have  shown  that  the  omitsion  of  breakfast  causes  an  increase  in  choice 
reaction  time  and  tremor  magnitude  and  a  decrease  in  maximum  work  output.  Studies  by  Haggard  and  Greenberg 
(89)  hava  demonstrated  that  performance  as  measured  by  physical  efficiencies  is  lowest  prior  to  breakfaf 
and  highest  one  hour  after  breakfast  of  day  long  rceaaurements .  The  efficiency  curves  showed  a  decline  each 
hour  after  tha  high  point  until  lunch  was  consumed.  One  hour  after  lunch,  efficiency  rose  to  a  high  level 
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aui  than  showed  a. decline  again  throughout  tha  afternoon,  Howavar,  subsequent  studies  by  othar  investigators 
has*  not  ccnflnai  thaaa  insults  (90). 

Tha  implications  of  thaaa  data  ara  that  aoaM  performance  function*,  particularly  thoaa  Involving  high 
U  cala  of  central  narvoua  ay • tan  lnvolvanant,  are  adveraely  affected  by  nuttlant  deprivation.  The  dagraa 
to  which  thaaa  Impaired  function*  ara  related  to  pilot  alertnaaa,  howavar,  nay  ba  conjactural.  Tha  ntabnr 
of  pilot*  who  routinely  skip  breakfast  la  also  relatively  high.  Son*  claia  It  la  a  natter  of  convenience 
while  others  claia  they  oait  braakfaat  for  weight  corf  ol.  The  ability  of  tha  body  to  adjust  to  tha  omission 
of  braakfaat  without  Incurring  any  parforaanca  decreaent  is  unknown.  Howavar,  it  aaaaa  certain  that  an 
individual  who  routinely  aata  braakfaat  will  show  a  significant  pcrfocnanc*  dacraaant  if  ha  should  omit 
braakfaat.  Another  situation  that  should  ba  taken  into  account  la  tha  individual  who  la  craah  dieting  to 
swat  hi*  weight  standard  on  tha  occasion  of  his  Annual  physical.  There  are  sows  individuala  who  literally 
atop  sating  for  parloda  of  several  days  prior  to  their  annual  physical  to  effect  maximum  weight  losa.  Tha 
floal  consideration  la  tha  individual  who  haa  consumed  significant  amounts  of  alcohol  tha  pravloua  day  and 
doaa  not  have  an  apatite  for  food.  Normally,  the  activity  level  associated  with  flying  an  airplane  la  not 
high.  Therefore,  tha  utilisation  of  blood  glucose  by  muscle  tlaauaa  would  ba  low  and  hypoglycemia  would  not 
ba  anticipated.  However,  under  circumstances,  where  high  speed  laeneuver*  are  required,  come  Individuals  may 
suffer  hypoglycemia  (91).  Under  these  conditioni,  alertness  will  definitely  be  effected.  Harks  (79) 
characterised  the  symptoms  of  acuta  hypoglycemia  aa  a  vague  eenaa  of  ill  health,  anxiety,  panic,  feeling  of 
cnnaturalnass,  and  detachment  f rou  the  environment.  Thaaa  symptoms  ara  accompanied  by  palpltationa,  rest¬ 
lessness,  nausea,  or  hunger.  Objactivaly,  there  la  tachycardia,  facial  flushing,  sweating,  unsteady  gait, 
abnormal  behavior,  and  alterations  in  consciousness.  Ha  further  characterised  tha  symptoms  of  aubacuta 
hypoglycemia  "as  a  gradually  developing  sense  of  lethergy  end  somnolence  associated  with  a  reduction  of 
spontaneous  activity,  conversation,  and  movement.'' 

Dehydration  is  of  particular  concern  In  conditions  of  total  food  deprivation.  Host  Individuals  con¬ 
cuss  the  major  portion  of  thalr  water  during  mealtime.  Food  deprivation  not  only  raaults  In  a  dacraasa  in 
beverage*  consumed,  but  alao  water  contained  in  the  diet.  The  average  diet  contains  approximately  one  liter 
of  watar  and  results  In  tha  production  and/or  release  of  approxisuitely  one  half  liter  of  metabolic  water. 

This  quantity  of  watar  la  equal  to  approxlsuitaly  one-half  of  tha  dally  Intake.  Consequently,  fasting  Indi¬ 
viduala  are  frequently  also  dehydrated.  Adolph  at  el.  (92)  have  demonstrated  that  a  loss  In  body  weight 
due  to  dehydration  of  IX  to  52  can  causa  impatience,  sleepiness,  end  anorexia  among  other  symptoms .  It  la 
obvious  that  alertness  of  such  an  individual  will  ba  impaired. 

Long-Term  Nutrient  Restriction 

In  defining  long-term  nutrient  restriction,  it  is  implied  that  tha  diet  auiy  ba  of  optimum  balance  of 
nutrients  but  insufficient  in  quantity.  Consequently,  this  discussion  will  be  limited  to  situations  where 
tha  individual  will  conausw  insufficient  caiorlaa  to  mast  his  bi.Jy's  need  for  growth,  Mlntanance,  and  work. 
Ikider  these  conditions,  the  body  stores  of  energy  which  ere  essentially  fat  and  protein  will  be  consuawd  for 
fuel.  Such  dietary  practice*  have  been  seen  among  pilots  living  in  combat  zones  during  the  Vi 't  man  War. 

It  was  common  to  observe  weight  losses  of  20  to  30  pounds  among  Individuals  who  were  within  currant  weight 
•tandard*  at  the  time  of  their  assignment.  Occasionally,  pilots  who  are  significantly  overweight,  undertake 
a  long-term  weight  reduction  program  and  lose  as  euch  as  20  or  30  pounds  of  weight.  Significant  reduction 
is  also  common  among  individuals  eloigned  to  extremely  hot  or  extremely  cold  environments.  Finally,  indi¬ 
viduals  forced  Co  live  under  long-term  survival  conditions  frequently  undergo  the  extreaee*  in  nutritional 
deprivation.  In  all  these  situations,  a  negative  calorie  balance  exists  which  frequently  results  in  signi¬ 
ficant  negative  nitrogen  balance  at  well. 

Research  on  changes  in  body  composition  associated  with  even  short-term  nutrient  restrictions  has 
shown  a  loss  of  body  lean  mass  in  conjunction  with  body  fat  mars.  These  data  further  Indicate  that  in 
nutrient  restriction,  losses  of  las  i  are  more  significant  in  individuals  laving  a  lower  percentage  of  body 
fat. 


In  recent  years  tiier*  has  bean  intense  interest  in  the  relationship  between  long-term  nutrient  restric¬ 
tion  and  behavior.  Extensive  animal  research  has  been  conducted  to  determine  the  input  of  nutritional  depri¬ 
vation  at  various  periods  of  Infancy  on  growth  processes  (93,94,95,96). 

Some  research  has  been  accomplished  to  define  the  Impact  of  long-term  nutrient  restriction  on  mental 
performance  of  adult  humans.  Brozek  (83)  has  reported  that  prolonged  calorie  restriction  caused  a  signi¬ 
ficant  loss  in  strength  but  only  small  decrements  In  eye-hand  coordination  and  speed  of  movement.  Rogers 
*t  al.  (97)  reports  that  there  was  substantial  loss  in  work  performance  during  studies  in  extreme  cold  where 
nutrient  restriction  was  also  a  factor.  This  investigator  attributes  this  loss  of  performance  to  a  combin¬ 
ation  of  factors  including  dehydration,  hypovolemia,  hypoglycemia,  ketosis  snd  acidosis.  Rogers  points  out 
that  a  significant  adjustment  occurs  In  the  individual's  condition  after  the  third  or  fourth  day  and  all  of 
the  above  biochemical  observations  make  an  adjustment  toward  normality.  Du. ing  these  three  to  four  day 
periods,  the  Individual  is  depressed,  shows  signs  of  anxiety  and  shows  other  psychological  changes.  This 
research  shows  that  a  diet  high  in  carbohydrates  versus  protein  snd  fst  provides  significant  improvement  from 
both  the  biochemical  and  psychological  changes, 

Thar*  is  an  abundance  of  research  dealing  with  the  effects  of  long-term  nutrient  restriction  on  physical 
perfotmancc  (98,99,100,101).  In  all  these  studies,  performance  was  significantly  reduced  and  the  reduction 
was  dependant  on  the  level  of  restriction  and  the  length  of  time  the  restriction  was  imposed.  Unfortunately, 
most  of  these  studie*  did  not  Incorporate  measurements  of  psychosKitor  behavior.  It  appears,  however,  rliat 
paychomotor  behavior  la  lsaa  effected  by  long-term  nutrient  restriction  than  physical  performance,  particu¬ 
larly  if  a  major  portion  of  the  calories  consumed  are  carbohydrates. 

Diets  Deficient  in  One  or  More  Nutrients 

The  relationship  between  dietary  deficiencies  and  alertness  has  received  only  limited  investigation. 

Some  inferences  can  be  drawn,  however,  from  date  obtained  from  more  general  research  on  the  roles  of  individ¬ 
ual  nutrlantt  in  the  body.  In  considering  the  vitamins,  *  majority  of  these  biochemical  compounds  form 
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coeclflc  co-aai  yeses  m4>4  la  various  chemical  [irocaiMi .  Although  than  an  probably  rmqulresiaate  for  aach 
■ti  tha  vital  aa  la  oarva  tissue,  a  few  appear  to  play  a  critical  rola.  VI  tad  a  A.  clcotlalc  acid,  vltaala 
B12  mi  thlaalaa  Hava  boon  directly  linked  with  csntral  nervous  system  disorders  created  by  deficiency  etmie*. 
Of  tbaae,  oaly  thlaalaa  show  aay  algalf  leant  lap  act  on  tha  caatral  oarvoua  aystaa  at  marginal  lava  la  of 
daf 1  cloncia  s .  Tha  cantral  oarvoua  ayataa  disorders  associated  with  tha  othar  vltaalna  occur  at  tha  vary 
advanced  a tags  a  of  deficiency  and  aa  such  era  only  eecondary  to  tha  Individual's  overall  ability  to  perform. 

Ia  tbs  caaa  of  thlwlaa,  however,  minor  dagraaa  of  deficiency  causa  11a  tie  Sanaa  a ,  apprehension,  anorexia  and 
fatigue.  These  symptoms  have  been  demonstrated  within  one  weak  after  individuals  ware  placed  on  a  thlaalaa 
free  diet  (102).  Before  leaving  the  discussions  on  vitamins,  It  ahould  be  noted  that  soar  deficiency  effects 
on  other  body  syateas  nay  also  altar  alertness.  For  axampla,  night  blindness  is  an  early  synptoa  of  vitamin 
A  deficiency.  Similarly,  lesions  of  tits  ays  are  caused  by  riboflavin  deficiency.  It  in  obvious  that  visual 
impairment  will  detract  from  general  alertness. 

In  ths  area  of  mineral  metabolism,  there  are  several  deficiencies  which  affect  tha  cantral  oarvoua  sys¬ 
tem.  Animal  studies  have  shown  that  a  severe  deficiency  of  calcium  can  cause  a  condition  culled  tetany  which 
le  a  hyper-irritability  of  tha  'muronuacular  ay a  tarn.  Animal  studies  also  show  that  a  long-term  deficiency 
of  poteaslun  will  result  In  a  similar  condition.  Iron  deficiency  is  known  to  cause  scute  depression  of 
hemoglobin  production  and  subsequent  anemia.  Long  before  anemia  lc  apparent,  however,  individuals  with  low 
serum  iron  lavuls  beco^ie  Uselessness,  feel  fatigue  and  cannot  concentrate.  Deficiencies  of  copper  in  animals 
have  bean  shown  to  produce  a  loas  of  coordination  and  behavioral  disturbances  (103) .  If  allowed  to  progress, 
lesions  form  in  tha  cantral  nervous  systaa  and  tha  animal  bscomao  paratlysad.  A  new  element  to  recognise  as 
e  nutrient  is  sine.  Recent  studies  In  humans  show  that  sine  deficiencies  result  in  both  teste  end  small 
iapalrmant  (10A) .  in  animal  studies,  sine  has  bean  linked  to  learning  behavior  (103).  Laboratory  animals 
born  from  sine  deficient  mothers  have  a  decided  iapalrmant  of  Inarming  ability  which  la  overcome  with  sine 
supplementation  to  the  diet.  The  Impact  of  protein  deficiencies  on  the  behavior  and  learning  ability  of 
children  era  well  known.  In  diets  which  have  insufficient  calories  to  neat  tha  body's  needs,  protein  Is 
used  for  fuel  end  part  of  ths  observed  effects  are  caused  by  protein  deficiency.  Despite  adequate  calorie 
Intake,  inadequate  amounts  or  infarlor  quality  of  protein  in  the  diet  can  also  result  In  Iapalrmant  of  body 
metabolise.  Children  who  have  a  simple  protein  deficiency  show  a  learning  disability  In  addition  to  retarded 
growth  and  othar  body  alterations.  In  adults  whore  growth  Is  not  a  factor,  behavior  chengsa  are  still  evident 
with  protein  deficiency.  Individuals  are  easily  fatigued,  bacons  listless,  and  find  It  difficult  to  concen¬ 
trate.  Frequently,  there  is  a  feeling  of  hopelessness  and  aggressive  behavior  becomes  cosmon. 

In  general,  behavioral  changes  caused  by  nutrient  deficiencies  ars  quits  slallar.  Llstlaseoaaa,  fatigue, 
an  inability  to  concentrate,  end  frequently  aggressive  behavior.  All  of  these  conditions  would  have  an  Impact 
on  alertness.  Tha  probability  of  such  nutrisnt  deficiencies  occurring,  for  the  aost  part,  eeea  relatively 
remote.  There  appears  to  ba,  however,  an  increase  in  the  incidence  of  some  deficiencies  such  as  iron,  and 
thiamins.  Perhaps  this  apparent  increase  may  ba  associated  with  tha  changing  food  habits  of  tha  population. 

If  so,  an  Increase  in  incldanta  can  ba  axpactad  In  ths  future. 

Diets  with  Inappropriate  Nutrient  Balance 

Nutrient  balance  le  both  Indicated  and  laplied  within  tha  Racoamendcd  Dietary  Allowances  established 
by  the  National  Academy  of  Sciences  of  the  United  States.  In  terms  of  tha  recoammndatlons  for  energy  ths 
levels  of  fats,  proteins,  and  carbohydrates,  which  asks  up  nsarly  all  of  man's  anargy  intake ,  have  bean 
•pacified.  Ths  Impact  of  unusually  high  levels  of  any  one  of  these  sources  of  anargy  has  bean  discussed  as 
part  of  tha  overall  rational  for  establishing  the  particular  lsval.  Dista  too  high  in  fat  and  low  In  carbo¬ 
hydrate  can  cause  tha  formation  of  high  levels  of  katones  In  ths  body.  An  individuals  with  this  condition, 
becomes  very  Irritable,  rastlass  and  easily  depressed.  Essentially  this  condition  Is  ths  same  as  seen  for 
*■>  Individual  undergoing  short-term  nutrient  deprivation.  Diets  abnormally  high  In  simple  carbohydrates  con 
in  sons  individuals  causa  high  blood  glucose  levels.  In  counteracting  this  hyparglycamia,  hype r-r» active 
individuals  release  unusual  msounts  of  insulin  and  exhibit  transient  hypoglycaml a. 

Aside  from  tha  need  to  balance  the  energy  sources  in  the  diet,  other  nutrient;  Bust  also  ba  in  balance 
to  affect  a  high  level  of  body  productivity.  The  levels  of  sodiisa  end  potassium  should  ba  contained  within 
specif lad  ratios  and  Halts.  The  lack  of  compliance  will  result  in  Lha  depletion  of  the  leeser  cation  from 
the  body  and  theraby  causa  dreutic  affects  on  the  body  bi  ocherietry  and  physiology.  Calcium  and  phosphorus 
must  be  within  an  appropriate  balance  or  depletion  of  the  body  stores  of  tha  laaaar  mineral  will  alec  occur. 

Similar  balances  are  necessary  between  copper  and  nolybdenun,  Iron  and  copper.  Iron  and  tine,  sine  and 
copper  end  many  more  (103).  Fortunately  most  food  sources  throughout  ths  world  have  an  appropriate  balance 
of  these  minerals.  However,  imbalances  have  occurred  frost  Indiscriminate  addition  or  removal  of  thaaa  nutri¬ 
ents  through  processing.  In  almost  every  case,  the  physiological  impairment  which  results  will  eventually 
have  an  effect  cm  alertness.  Once  again  ths  incidence  of  occurrence  for  most  of  thsse  imbalances  appears  to 
be  very  low.  On  tha  othar  hand,  the  trend  In  eating  habits  of  most  American  male  adults  has  bean  cited  as  the 
cause  of  early  degenerate  bone  disease.  Many  stela  adults  have  adopted  •  diet  high  in  animal  protein  and 
starch  foods  while  eliminating  consumption  of  grsan  vagatsblaa,  fruits  and  dairy  products.  Such  diets  can 
exceed  a  calcium  to  phosphorus  ratio  in  excess  of  1:2.5,  which  has  been  shown  to  causa  a  loss  of  cslciua 
frost  the  body.  This  process  is  slow,  but  long-term  calcium  depletion  results  in  reduced  bone  strength  end 
in  some  esses  bone  reabsorption.  Nerve  damage  is  freiuant  when  such  changes  occur  in  tha  bones  of  tha 
vertebrae. 


PAJ1T  XV 


Physiologic  Aspects 

As  has  been  stated  earlier,  attention  is  a  major  component  of  flying  performance.  A  decrement  in  atten¬ 
tion  carries  with  it  more  general  performance  dacrensnt.  Fatigue,  acuta  in  particular,  has  a  marked  affect 
on  attention.  Endocrine-meteholic  assessments  are  directed  toward  fatigue  effects  in  general  rather  then 
attention  specifically. 
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Ifca  Mgr  at  I— iMu  am  the  physiology  of  acuta  skill  fatlgua  has  •Inane*!  coualderahlv  In  tha  past 
decade.  Currently,  a  basic  coacapt  holla  that,  la  parsons  who  bar*  trained  to  tha  point  of  high  proficiency 
an  a  gltan  operational  tank,  parfctnnaca  decrement  tends  to  ha  lata  In  onaat ,  apparently  haring  keen  prevented 
by  — —  of  a  coaplex  physiologic  adjustment  which  tends  to  ha  early  la  onset  and  persistant.  This  physio¬ 
logic  response  involve*  neuroendocrine  as  wall  as  aatabollc  ays teas.  The  component  responses  have  received 
considerable  study,  hut  tha  total  (aggregate)  response  renal  ns  to  ha  fully  characterised  and  properly  evalu¬ 
ated.  levies  articles  by  Taichnar  (106)  and  Frankenhaeueer  (1071  era  pertinent,  for  they  deal  with  bshavlor- 
andocrlna  Interrelationships. 

Taichnar  (106) ,  in  a  review  of  bohavloral/physlologlc  screes  relationships,  gives  specific  consideration 
to  attention.  In  his  analysis,  tha  physiology  la  focused  on  rhe  rola  played  by  tha  reticular  formation,  tha 
llnblc  aystea  In  general  and  tha  hypothalamus  specifically,  in  establishing  a  given  level  of  cortical  excit¬ 
ation.  Tha  facilltatlve  function  of  the  reticular  formation  raculta  in  a  general  alerting  function.  The 
inhibitory  function  result*  In  filtering.  Together,  they  raault  In  "cortical  tuning",  and  this  tuning 
Includes  a  state  of  attention.  As  setivstiou  increases,  tuning  Increases,  and  selective  attention  becomes 
■ore  pronounced  up  to  a  point. 

On  tha  behavioral  aide,  Taichnar  puts  considerable  enphails  on  tha  "band-width"  of  attantlon  In  relation 
L«  cask  complexity,  and  on  the  efface  of  long  tarn  naaory  In  interacting  with  activating  aachanlsaa;  these 
two  fnctora  (band  width  and  long  tarn  memory)  act  together  at  tha  behavioral  laval  to  produce  a  given  state 
of  attention. 

Taichnar  puta  tha  "internal  biological  world"  at  aone  distance  from  tha  primary  loops  described  above; 
wa,  with  our  strangar  physiologic  orientation,  vould  probably  ehov  tha  Internal  biologic  state  as  a  signifi¬ 
cant  component  of  activating  aachsnlesM  inherent  In  attention. 

frankanhausar  (107)  reviews  tha  relationship  between  cetecholenlnee  and  broadly  defined  behavioral 
states .  Her  review  can  ba  dlvldad  Into  af facta  aaan  with  infused  epinephrine  and  affect*  with  aacreted 
epinephrine .  She  reports  that  snail  does*  of  apinephrlna  infused  intrevenouely  cause  both  behavioral  arousal 
(heightened  attention)  and  EEC  arousal.  Excretion  level*  arc  low  In  subjects  at  raot  or  racunbant;  under 
stress,  lavala  can  reach  3-5  tines  tha  resting  laval.  Epinephrine  infusion#  produce  effect*  described  as 
excited,  restless,  tanas,  or  faarful.  Improved  performance  la  reported  with  Infused  epinephrine.  Thar*  is 
also  a  significant  Increase  in  apinaphrin*  from  both  ovaratinulation  (high  work)  and  under at Inula t ion  (vigi¬ 
lance  tasks).  However,  son*  studies  have  shown  tha  greatest  Increase  with  tha  high  stimulation  situation. 

With  regard  to  sacratcd  epinephrine,  different  subjects  show  different  output.  Studies  show  the  output 
of  apinephrlna  where  the  arousal  laval  is  moderate  or  low  la  positively  related  to  efficiency.  A  rise  in 
epinephrine  secretion  matches  roughly  the  subjective  stress  reactions.  Subjects  who  aacrata  more  epinephrine 
tend  to  perform  batter  under  low  and  moderate  stimulation  but  nor*  poorly  under  high  stinulatior.  Thla 
support*  tha  well  knowu  Inverted  U  hypothesis,  which  applies  to  secretion  and  infusion  affects  equally. 
Kplnaphrlna  affect*  ar*  not  juat  tha  emergency  "fight  or  flight”  reaction.  It  also  applies  to  normal  people 
responding  to  every  day  stresses,  including  both  cognitive  and  emotional. 

Barchaa,  at  si.,  (108)  supports  Frankenhauser's  conclusion*  regarding  apinephrlna  effects  and  clao 
review  tha  behavioral  effects  of  norepinephrine.  In  general,  there  ar*  no  clear-cut  effect.). 

Axalsson  (109)  present*  an  extanaive  review  of  catecholamine  functions,  Ha  consider*  norepinephrine  a* 
a  neural  transmitter.  The  statement  la  made  that  "in  their  function  as  natural  transmitter*  of  information, 
tha  catecholamines  nay  be  characterized  as  either  blood-borne  or  neural  transmit ter a."  The  asm*  agent  nay 
produce  different  effects  depending  on  whether  it  la  releaaed  from  the  sympathetic  nerve  endings  or  reaches 
the  effector  by  the  blood  stream. 

Davidson  and  Levine  (110)  review  tha  effects  of  the  pituitary-adrenal  system  on  behavior.  They  state 
that  evidence  is  accumulating  which  incraaaingly  Implicates  the  pituitary-adrenal  system  a*  an  Important 
modulator  of  behavior.  Studies  have  indicated  that  this  system  is  Involved  in  sensation  and  perception, 
habituation,  learning,  and  extinction,  as  wall  as  aggressive  behavior.  Cortisol  significantly  increased 
isolation-induced  aggression  in  both  young  and  old  nice,  whereas  dexanethaeon*  enhanced  isolation-induced 
aggresalon  in  mature  enlnals.  ACTH  reduced  It.  In  shock-induced  aggression  there  was  suppression  of  ACTH 
release  following  fighting  when  compared  with  rats  that  were  shocked  without  fighting.  Adrenal  responsive¬ 
ness  to  ACTH  was  related  to  the  dominance  structure.  Although  ACTH  response  levels  of  individuals  remained 
relatively  constant,  there  was  a  three  to  tenfold  difference  between  the  lowest  response  to  ACTH  (which  was 
In  tha  dominant  mala)  and  tha  highest  response  (which  was  in  the  most  subordinate  female  casemate) .  The 
response  levels  to  ACTH,  however,  could  be  altered  when  the  social  atraaa  was  changed  by  tranaferrlng  sub¬ 
dominant  aninala  to  individual  cagaa  or  removing  the  dominant  males.  Conversely,  removal  of  .he  most  sub- 
ordinat-  cagamats  resulted  in  elevation  of  ACTH  response  of  the  remaining  subordinates .  Levine  reported 
that  more  highly  aggrasalv*  monkeys  shewed  a  greater  increase  in  urinary  17-OHCS  in  response  to  shock  than 
did  tha  least  aggressive  ones.  It  la,  of  course,  conceivable  that  the  pituitary-adrenal  system  has  little 
or  no  direct  connection  with  aggressive  behavior  but  may  be  related  only  to  the  level  of  arousal  which  is 
reflactad  in  changes  In  pituitary-adrenal  activity. 

DeWiad,  et  «1.  (Ill),  see  especially  pages  157-252,  chaired  a  special  symposium  on  pituitary  and 
adrenal  effects  on  behavior.  Weijene  and  Siangan  (112)  and  Bohus  (113)  showed  that  ACTH  delayed  extinc¬ 
tion  of  tha  avoidance  response.  ACTH  had  a  similar  effect  in  adrenalectomized  animals.  The  adrenals  tham- 
selvaa  appeared  not  to  play  a  significant  role  in  the  maintenance  of  a  conditioned  avoidance  response  when 
tha  electric  shock  was  no  longer  present.  Many  studies  have  indicated  the  effects  of  ACTH  and  adrenocor¬ 
tical  hormonal  on  conditioned  behavior.  There  are  clearly  demonstrable  independent  actions  at  ACTH  and 
steroids  on  behavior  with  regard  to  tha  extinction  of  an  avoidance  response.  ACTH  can  apparently  inhibit 
extinction;  glucocorticoids  appear  to  facilitate  extinction  independent  of  their  action  on  ACTH  secretion. 

The  threshold  for  tha  response  to  inescapable  electric  shock  was  subnormal  after  hypophyscctony .  ACCH  did 
not  facilitate  the  acquisition  of  *n  avoidance  response  when  the  electric  shock  intensity  was  high,  but  it 
did  do  so  whan  the  shock  intensity  wan  moderate.  Investigators  concluded  that  the  action  of  ACTH  on  the 
acquieitlon  of  avoidance  conditioning  is  clearly  extra-adrenal,  and  ACTH  is  not  essential  to  normal  perfor- 
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mamrs  wham  ths  latHflty  of  foot  -Inducing  stimulus  Is  sufficiently  high.  Glucocorticoids  act  on  severs! 
liable,  diaacaphallc,  sad  mesancaphali  c  ragloaa.  Implants  of  cortisol  Into  ths  medial  tiial— ua.  anterior 
hypothalamus,  rostral  laptum,  or  asyifsli  all  facilitated  ths  satinet  Ion  of  a  conditioned  avoidance  response. 
Thara  see  seises  such  evidence  indicating  Influence  of  hormones  on  CMS  proceaaee,  We  are  atill  unable  to 
postulate  any  specific  aechenlaaa  concerning  the  actions  of  hormones  on  ths  bralc . 

O' Hanlon  (114)  reports  a  study  on  the  relationship  between  perforasnea  on  «  visual  vigilance  task  and 
serua  epinephrine  and  noraplnaphrina  concentrations.  Ha  ties  ths  ascending  reticular  sctivlsting  system 
(AldS) ,  cortical  arousal,  autooosd.c  a.'ousal  and  vigilance  efficiency  together.  The  etudy  ehowr-*  that  vigi¬ 
lance  decraannt  was  paralleled  by  a  drop  in  circulating  epinephrine,  but  not  in  circulating  norepinephrine. 

So  is  roar  g  (115)  reviewed  the  literature  on  elaap  and  neuroendocrine  mechanises.  The  eeeren  tor  an  ana- 
toadcal  substrata  for  the  maintenance  of  consciousnace  and  of  various  stages  of  elaap  or  wakefulness  has  only 
revealed  more  and  more  complexity.  Much  interest  hss  bssn  placed  on  the  nucleus  raticularia,  pontls  ceudelis, 
and  the  basal  forth  rein.  Local  application  of  mall  uointi  of  acetylcholine  to  the  medial  praoptlc  region, 
the  Interpeduncular  nucleus,  and  the  medial  nidbraln  tagmentua  elicited  sleep,  but  the  same  substance  pro¬ 
duced  arousal  whan  applied  to  the  mesencephalic  tegmentum.  The  application  of  norepinephrine  to  the  Mdial 
praoptlc  region  wee  followed  by  increasing  elertneue  and  by  aotor  hyperactivity.  Some  authorities  claln 
that  there  la  an  adrenergic  system  in  the  brainstem  responsible  for  arousal  and  daaynchronisation  and  a 
cholinergic  eyetaa  for  synchronised  pattern  recorded  In  deep  sleep. 

During  the  past  dacads  the  US AT  School  of  Aerospace  Medicine  hss  conducted,  under  either  field  or 
laboratory  condition!,  an  extensive  series  of  studies  of  himan  responses  to  flight.  The  working  hypothesis 
has  bean  that  flying  operations  act  in  the  Banner  of  stressors,  eliciting  interrelated  endocrine-metabolic 
responses  which  era  compensatory  In  nature,  tending  to  maintain  a  state  of  physiologic  balance  (homeostasis) . 
A  battery  of  urinary  deterelnationa  has  been  used  to  assess  the  physiologic  coat  in  a  wide  variety  of  cir- 
cumat vices,  including  flying  operations  of  ve. loua  types  and  durations  which  took  place  at  various  tinea 
of  day  and  utilised  a  variety  of  aircraft.  Statistical  evaluation  consistently  indicated  elevation  In 
physiologic  "coat"  which  appsiently  related  to  type  of  aircraft,  flight  complexity,  flight  duration,  time 
of  day,  craw  position,  and  anticipatory  etrasa  (116,117,118,119,120,121,122). 

Hypoxia,  one  of  thu  more  common  atraaaora  in  aviation,  probably  has  been  more  throughly  studied  than 
any  other  stressor.  The  overall  response  of  huauna  to  acuta  exposure  has  been  fairly  well  delineated  Into 
sevarai  specific,  and  non-specific  responses,  Changes  In  alertness,  arousal,  and  vigilance  are  apparent  with 
rasonably  minimal  degrees  of  hypoxia.  The  specific  sffsets  of  oxygan  deprivation  includa  compensation 
in  cardiovascular  function  (a.g.,  tachycardia  end  increased  heart  stroke  volume),  respiration  (e.g. ,  hypar- 
pnaa  and  hypocapnia),  and  hormonal  change  (a.g.,  decreased  release  of  antidiuretic  hormone  leading  to 
polyuria).  Soma  secondary  responses  result  from  these  compensatory  changes.  One  of  these  is  respiratory 
alkalosis  which  in  turn  leads  to  increased  excretion  rates  of  bicarbonate  and  chloride  (which  displaces 
phosphate)  lone,  and  of  sodium  sad  particularly  potassium  lone  to  nautralixe  the  anions;  as  a  consequence, 
the  urine  becomes  alkaline.  Additionally,  thare  are  non-spaclflc  responses  which  are  quite  widespread, 
Involving  neuroendocrine ,  adrenocortical  and  metabolic  systems.  A  slight  shift  toward  anaerobic  natabollsa 
may  occur.  The  elevated  creatine  excretion  aay  represent  this  type  of  change.  Chen gas  in  the  blood  supply 
to  ths  head  lead  to  decreased  visual  acuity,  decreased  performance,  end  diminished  elartnass  on  moat  teaks, 
and  aood  changes.  Whan  the  high  level  of  syapathetic  nervous  system  activity  is  overcoapensatad  by  ths 
ensuing  parasympathetic  activation  (l.c.,  the  vasovagal  syndroms) ,  distress  results.  This  may  range  In 
Intensity  from  a  simple  headache  to  ayncopa;  but  apparently  regardless  of  Its  severity,  one  result  la  a 
raises*  of  antldluretlc  hormone .  This  In  turn  results  in  oliguria  and  e  specific  decrease  In  sodium  excre¬ 
tion.  Superimposed  on  the  specific  controlled  hypoxia  stimulus  Is  the  ambiguous  emotional  one-idiosyn¬ 
cratic,  protaca,  end  difficult  to  control.  The  latter  not  only  varies  In  quantity,  but  mors  Importantly 
In  quality  (a.g.,  the  experimental  situation  may  make  some  individuals  anxious,  others  fearful,  others 
angry,  and  eons  apathetic).  Likewise,  some  persons  will  enter  the  experiment  highly  motivated  and  in  an 
alert  ateta,  but  others  will  not  be  motivated  and/or  nay  be  lethargic.  These  eaotional  concomitants  compli¬ 
cate  trmaandouely  on  experiment  designed  to  elucidate  specific  affects  of  a  given  stressor. 

Particularly  relevant  are  the  findings  of  Froberg,  et  el .  (123) .  These  invastlgstora,  in  a  study  of 
circadian  variation  In  psychomotor  performance,  subjective  fatigue,  end  catecholamine  excretion  during  pro¬ 
longed  elaap  deprivation,  found  that  epinephrine  excretion  wee  positively  correlated  with  performance  and 
negatively  correlated  with  subjective  fatigue  and  that  the  reverse  rale- lone  existed  for  norepinephrine. 

Whan  adjustments  vara  made  for  catecholamine  excretion  lege,  the  Inter correlations  with  performance  and 
with  subjective  fatigue  vara  even  stronger.  Frankenheausar,  et  el.  (124)  found  a  positive  relationship 
between  epinephrine  relates  rata  and  performance  efficiency  In  situations  characterised  by  monotony  and 
undar-atleailatlon,  noting  also  that  objective  performance  end  subjective  reactions  differed  greatly  In  per¬ 
sons  who  ware  differentiated  on  the  heals  of  epinephrine  output.  Specifically,  high  catecholamine  output 
was  associated  with  high  performance  efficiency. 

Corticosteroid  measures  are  another  significant  part  of  the  USAFSAM  battery.  In  studlaa  conducted  In 
this  laboratory  (125),  in  which  paychomotor  performance  was  evaluated  during  36-  or  48-hour  simulated 
flights,  subjecta  who  alternately  worked  and  rested  et  2-hour  intervale  showed  normal  circadian  shifting  In 
urinary  17-CHCS  for  24  hours,  with  elevations  in  17-0HCS  output  occurring  subsequently.  This  study  ahowad 
also  that  environmental  fectora  intensified  the  adrenocortical  response  to  the  imposed  work,  but  did  not 
adversely  affect  psychomotor  perforasnea  itself.  The  Increased  adrenocortical  activity  is,  therefore, 
deemed  compensatory,  contributing  to  ths  maintenance  of  psychomotor  proficiency.  In  ths  present  study,  on 
the  basis  of  nocturnal  values,  we  found  evidence  of  a  progreesivs  decline  in  epinephrine  output  and  a  con¬ 
comitant  progressiva  gain  in  17-OHCS  output.  Evidently,  as  bodily  reserves  at  one  physiological  lavul  tend 
to  decline,  an  Inroad  was  gradually  mada  on  a  secondary  reserve. 

The  findings  wars  conclusive,  consistently  indicating  elevated  physiologic  cost  in  association  with  pro¬ 
longed  psychomotor  effort  and  sleep  deprivation.  The  observed  responses  wars  complex,  each  having  identifi¬ 
able  (and  resolvable)  components .  The  environmental  factors  under  study,  when  acting  singly,  exerted  modi¬ 
fying  influence  on  one  or  more  of  the  flight-sensitive  physiologic  functions)  altitude  tended  to  reinforce 
and  dryness  tended  to  counteract  responses  to  simulated  flight.  In  combination,  these  tended  to  be  mutually 
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interfering  factors,  rest  cel  lag  each  other's  Inf  Isaacs  sithsr  part  tally  or  totally.  We  can  only  speculate  an 
ths  fanctfsnal  alts  ot  altas  at  which  tha  disslnliar  factors  of  flight,  altltu4a,  and  dryness  interact. 

They  as  an  Inal  y  set  thrwwgh  sons  final  coaason  pathway  or  nachanlaa.  An  i*  usual  typo  of  lntaractlon  ass 
ahaarwd,  that  of  doprasalon  which  at  end  ftoai  factor  cosh  last  Ion.  la  tha  as  laatancas,  one  of  tha  factors 
had  stimulatory  iafJUaaoa  whan  applies  separately.  This  type  lntaractlon,  which  la  reminiscent  of  occlu¬ 
sion  In  a  tafia*  axe,  has  haaa  oh as read  previously  in  nultlf actor  stress.  Grathar,  at  al.  (126),  found  that 
ths  L'sailasl  factors  of  aarlrwama afsl  heat,  noise,  and  vibration  tended  to  bo  leas  disturbing  physiologically 
and  to  have  less  Influence  on  performance  than  did  certain  of  the  asperate  factors. 

Tha  altitude  level  used  la  thin  study  (1,000  ft)  la  cosnsonly  used  in  pressurised  aircraft,  but  it  is 
not  optimal  D'Angelo  (127)  in  10-beur  exposures  to  this  pressure  altitude,  found  s  variety  of  psychologic 
chaagas  (including  subjective  fatigue  which  persisted  until  the  next  dsy)  along  with  respiratory  alkalosis 
and  hyp  op  ho  ap  hat  ur  la.  McFarland  (128)  dsn  on  titrated  aanory  dacransnt  at  thla  particular  pressure  altitude. 
Kalinas  wad  Craw  (129)  found  other  evidence  of  lap  el  red  nantal  performance.  Fincus  and  Hoagland  (130) 
reported  Increases  la  urinary  total  17-KS  output. 

Sleep  deprivation  has  boon  shown  to  affect  endocrine  and  sntabollc  functions.  Florlce,  st  al.  (131) 
canaldaxmd  the  continued  physical  activity,  rather  then  tha  lack  of  sleep  to  be  instrumental.  Scrimshaw, 
at  el.  (132)  who  studied  urinary  sodium ,  potassium ,  and  nonprotein  nitrogen  in  relation  to  sleep  loss, 
noted  depreaeioe  on  tha  first  day  and  elevation  on  tha  second  day.  kubln,  at  el.  (133)  who  reviewed 
tha  literature  am  the  of facts  of  sleep  deprivation  on  urinary  17-CHCS  and  17-KS,  mentioned  what  appeared  to 
he  contradictory  results  la  ths  earlier  studies.  Later  studies,  however,  showed  that  there  could  be  a 
blphaalc  reap on as,  that  of  an  Initial  decline  and  a  secondary  rise.  Tha  hlphaalc  response  was  observed  In 
tha  present  investigation  (second  ancillary  experiment),  but  It  waa  limited  to  tha  nodal,  17-0HCS.  Many  of 
tha  results  observed  in  tha  first  ancillary  experiment  nay  seen  blxarra,  but  these  in  rnallty  may  represent 
phasic  differentiation ,  with  certain  of  tha  katoataroida  responding  readily  to  the  stressor  complexes  and 
advancing  to  tha  secondary  phase  while  tha  lass  sensitive  ones  wars  retarded.  Desynchronisation  of  cloaaly 
related  physiologic  functions,  therefore,  seems  to  be  a  useful  criterion  of  atresa.  Internal  dissociation 
of  time- dependent  physiologic  activities  la  an  aspect  currently  aaphaaised  by  chronoblologlats. 

Knowledge  of  tha  17 -katoataroida  response  to  either  simulated  or  actual  flights  goes  back  to  1913,  whan 
Fincus  and  Hoagland  (130)  discovered  that  (a)  subjects  who  had  the  highest  performance  scores  In  the 
final  half  of  6-hour  simulated  flights  also  had  tha  lowest  17-KS  outputs,  (b)  performance  dacransnt  wee 
hastened  whan  prsjsurs  altitude  waa  neraly  5.000  ft.  (c)  crewmembers  of  ailltary  aircraft  (including  Instruc¬ 
tor  pilots)  showad  flight-related  Increases  in  total  17-KS  output  during  4-hour  low -altitude  flights  in 
unpreseurlaed  aircraft  and  (d)  ths  fatlgus  level  (the  rank  order  of  which  vaa  established  by  the  Squad-on 
Commander)  correlated  positively  with  17-KS  output. 

Specific  findings  In  this  study  daaarve  aaphaala.  Certain  features  of  this  study  merit  consent.  The 
study  claarly  shows  that  a  c canon  cabin  altitude  (8,000  ft)  la  not  as  benign  as  It  appaara.  Thera  Is  physio¬ 
logic  cost  which  relates  ro  altitude,  and  soma  of  tha  phyaiologic  affects  persist  after  rest.  Also  of  Inter¬ 
est  la  tha  finding  of  "Internal  dlsaoclftlon,''  certain  of  tha  physiologic  functions  gradually  undergoing 
differential  phasic  shifting.  Thla  desynchronization  nay  ba  a  fundamental  stress  effect,  and  the  variations 
In  phaclc  changes  nay  account  for  conflicting  reports  in  tha  literature.  Tha  physiologic  Instability  la 
Indicated  by  certain  of  tha  fundaaental  stress  affects.  On  the  basis  of  the  present  data,  full  recovery 
appaara  to  requite  more  tins  than  that  needed  to  induce  tha  stress.  Multiple  stressors  nay  have  antagonistic 
affacta  leading  to  partial  cancellation  of  the  stress  changes  In  tha  more  sensitive  measures;  hence  ws  nay 
be  mdares  tiastlng  tha  total  potential  coat.  This  nay  pertly  explain  tha  relatively  long  recovery  tlaa. 
Finally,  tha  utility  of  flight  simulation  as  an  effective  alternative  to  field  studies  Is  strongly  suggested 
by  the  data  in  thla  atudy. 

Tina-sone  entrainment  and  its  interaction  with  flight  strsaa  is  an  area  of  special  lntaraat.  Hslc, 
at  al.  (136)  address  tha  problaa  directly  with  special  analysis  of  fliahc  stress  data.  They  asqthaaize 
long  standing  stress  concepts  and  principles  and  to  currant  concepts  or  neuroendocrine  regulation  of  environ¬ 
mentally  Influenced  physiological  functions.  Guidance  wee  obtained  from  revlawe  of  tha  literature  on  human 
circadian  rhythms  as  wall  as  reviews  of  tha  lltsiatura  on  flight  straas  and  fatlgua.  Although  circadian 
variation  In  paychomotor  capability  has  been  veil  documented,  the  tsaporel  variability  in  flight  stress 
responses  has  not  baan  studied  extensively.  Our  results  1  n  general  agree  with  th^e  of  Garritcen  et  al. 

(137)  who  noted  concoarltaat  flight  atrese  responses  and  entraicuaent  effects  in  smn  (non-aircrew  aembers) 
who  collected  serial  urine  specimens  before,  during  end  after  a  single  prolonged  westward  flight  (Amsterdea 
to  Alaska).  Sodium,  potassium,  tha  K/Na  ratio,  uraa,  17-katogenic  staroidt  and  V.H.S.  (catecholamine  end- 
product)  ell  indicated  entreinaant-etressor  interplay.  As  in  ths  present  cess  augmented  responsiveness 
appeared  early  In  tha  flight  and  again  toward  the  red  of  tha  flight  (and-spurt  phenomenon).  Of  interest  is 
the  finding  of  a  sharp  increase  in  the  K/Na  quotient  which  began  et  1700  hours  end  persisted  through  the 
period  normally  used  for  sleep.  Thera  is  a  concordant  finding  in  the  present  study  for  the  reciprocal 
ratio  (Ka/K)  showed  a  fall.  Lmfontaine  at  al.  (138)  also  danonstratad  antralnnant-etreaaor  Interplay  during 
a  single,  bi-directional  transaarldian  flight.  Their  curves  for  urinary  potassium  end  17-OHCS  deviated  from 
basallne  curves,  indicating  vithin-day  variability  In  responsiveness  to  flight  etreesore.  Specifically,  as 
in  the  peasant  coaq>osite  flight,  potassium  indicated  slight  hypersensitivity  at  the  start  of  the  flight, 
while  17-0HCS  did  not.  Extensive  exploration  of  the  effects  of  transaarldian  flights  (which  included  lay¬ 
over  periods  of  variable  duration  In  waccuttonsd  time  zonae)  has  been  acconplishad  by  Klein  et  el.  (139), 
Wtgnenn  at  al.  (140),  and  Bruanar  at  al.  (141).  These  Industrious  Investigators  have  settled  nuaarous 

2usstlons  about  tha  effects  of  "tlsm  displacements"  on  fatigue,  psychoaotor  performance,  various  physlo- 
oglc  functions  end  various  types  of  tolerance.  Particularly  partlnant  is  the  report  that  there  la  cir¬ 
cadian  variability  in  psychologic  end  physiologic  responsiveness  to  standard  stress  which  appears  to  relate 
to  adrenocortical  raapoiv  ivenese.  Adrenocortical  responsiveness,  in  turn,  it  traceable  (vie  the  anterior 
pituitery  end  hypothelmus)  to  the  raticuler  formation. 

Other  workers  (134,135)  have  also  pursued  tha  relationship  between  behavioral  end  phyaiologic  changes. 
Auffret  (142)  axenlned  the  relationship  between  subjective  fatigue  and  a  nuaber  of  physiologic  aeesurea. 
Results  of  a  physiological  evaluation  of  the  effects  of  long  flights  (24  hours)  on  the  crews  of  K  7  aircraft 
specially  equipped  to  racaivt  telemetering  transmissions  froa  ballistic  alssllaa  end  to  aotiitor  their  lending 
were  as  follows.  Changes  occurred  in  heart  rate,  urinary  17-katostaroids,  the  urinary  nucoproteins,  the 
urinary  catecholamines,  end  glycemle.  Subjective  Impressions  of  fatigue  reported  by  the  crew  members  ere 
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confined  by  tha  ttcotM  biological  data. 

Cclqtthouo  and  Coltean  (1*3)  exmainad  vigilance  under  Indue  ad  hypothermia.  Tha  experiment  tvecrlbad 
vm  ari.ai.od  by  a  atudy  by  Wilkinson  at  al.  (1**),  wfeo  found  that  datactlon  rata  in  a  auditory  vigilaaca 
tank  increased  aa  body  temperature  vaa  ralaad.  In  tha  experiment ,  tha  aubjacta  parfsntd  for  60  minutes, 
mA  tha  tank  vaa  a  visual  rathar  than  aa  auditory  ooa.  Elevation  of  temperature  vaa  achieved  by  physical 
work  in  hot  and  tuMld  conditions.  Beaulc*  of  tha  experiment,  ohan  considered  toga t ho r  with  thoaa  of 
Uilklnaon  at  al.,  auggaat  that  it  ia  only  whan  actual  body  tapparatura  incraaaaa  that  performance  in  a 
vigilaaca  taak  will  noticeably  altar  in  hot  environmental  coodltlona  and,  furthermore,  tha  extent  of  thia 
incraaao  out  ba  coaaldarabla  before  any  ouch  alt* ration  occur*. 

Puchinakaia  (1*5)  examined  CMS  corralataa  of  raadinaaa  (alartnaaa) .  It  ia  ahoun  that  (1)  tha  apokan 
lnatructlon  to  ba  ready  for  actlva  movement  (danchlng  of  tha  fiat)  upon  laninant  coamand  and  (2)  tha 
praparatioa  ox  tha  hand  for  paaaiva  movement  by  placing  a  apecltl  plata  bauaath  tha  pala  both  produca 
senao-motor-ara*  EEC  changes  which  ara  analogous  to  chutgaa  produced  by  tha  novaaant  itaalf.  Tha  F  2G  vawl- 
ationa  corraapond  by  nature  and  location  ro  proprioceptive  lnfluancaa.  Ef facta  of  cloaad  and  o pooad  ayaa 
during  thoaa  experiments  ware  alao  atudlad.  Opening  of  tha  ayaa  atlnulatad  the  appearance  of  tha  rolandlc 
rhythn.  Thia  nay  ba  regarded  aa  a  reault  of  diminished  raadinaaa  due  to  tha  evitchiug  ou  of  viaual  control. 
Proprioceptive  influences  dapraaa  both  alpha  and  beta  rhythaw  in  tha  aanaorlnotor  region. 

(U6)  axMlnad  blochaalcal  corralataa  of  behavior  In  general.  Ha  performed  a  study  of  aubjacta 
in  atraaaful  water  training.  Sana  uric  acid  correlated  (high  levels  with  high  etresa)  and  with  subjective 
reports  on  aotivation,  aa  wall  aa  anticipated  atrasa  tha  day  before.  Sarua  cholesterol  correlated  with 
load,  anticipatory  stress,  and  i»r  la  assn  t  affect  scores.  Sana*  cortiaol  showed  no  consistent  relationships. 
High  individual  variability  was  ita  primary  characteristic. 

In  ainaury,  extensive  investigations  of  tha  endocrina-metabollc  responses  to  fatiguing  oilltary  flying 
tasks  have  bean  conducted  in  tha  field  and  in  laboratory  studies.  Field  research  has  axaainad  tha  physio¬ 
logic  responses  to  (a)  training  and  routine  flights,  (b)  flights  in  aingla-plac*  or  multi-place  aircraft, 

(c)  short  aid  long  duratiou  flights,  (d)  westward  or  eastward  or  bidirectional  transoceanic  flights,  and 
(a)  westward  or  eastward  global  flights,  to  um  only  a  few.  Evidence  waa  consistently  found  of  endocrine- 
metabolic  adjustment  before,  during,  and  after  flights,  but  performance  decrement  waa  generally  not  observed. 
Although  there  was  subjective  fatigue  in  tha  more  prolonged  flights,  it  varied  cyclically;  and  whan  sub¬ 
jective  fatigue  was  declining,  endocrine-metabolic  hyperactivity  was  evident.  Laboratory  research  has  pro¬ 
vided  supporting  evidence. 

Tha  overall  endocrine-metabolic  raaponsa  varlaa  with  respect  to  its  character  or  lntanaity.  In  stressful 
(high  load)  circumstances  tha  raaponsa  tends  to  ba  widespread,  involving  tha  sympatho-adrenomeduUary  and  tha 
hypothslamo-hypophyaaal-adrenocortlcal  systems  a a  wall  aa  various  aapacta  of  metabolism.  In  low  load  situ¬ 
ations,  tha  raaponsa  may  ba  limited  to  tha  more  sensitive  components.  For  each  component,  it  la  possible 
to  have  gradation  in  responsiveness .  Tha  factor  of  time  of  day,  for  example,  altera  reaponaivanaaa,  as, 
for  sxmqple,  do  differences  in  crewmembers  duties  (a.g.  aircraft  coamondara  tand  to  ba  the  most  rasponsiva 
membara  of  a  craw).  Amount  of  flying  axparlanca  alao  contributes  to  responsiveness .  Experience  appears  to 
lncrasaa  aympatho-adrenomedullary  responsiveness  while  reducing  adrenocortical  reaponaivanaaa. 


PART  V 

Environmental  Aapacta 

Because  of  tha  Increasing  demand  on  crews  in  military  aircraft,  attanpts  have  been  made  to  develop 
environmental  design  criteria.  Webb  Associates,  in  their  Bloaatrooautics  Pats  Book  (1*7),  for  exaatple,  fur¬ 
nish  tha  qualitative  and  quantitative  human  data  believed  to  ba  adequate  for  designing  manned  systems. 

(torgsn  st  al.  (1*8)  provide  a  main  engineering  guide  which  the  designer  can  use  to  assist  him  in  solving 
design  problems  as  they  arise.  Woodson  and  Conover  have  published  a  source  book  (1*9)  designed  to  help 
develop  equipment  from  the  human  operator  standpoint,  thereby  improving  tha  resultant  man-machine  capabili¬ 
ties.  Edholm  and  Bacharach  (150)  have  compiled  the  factors  affecting  tha  survival  of  an  individual  and  his 
ability  to  adapt  to  changing  conditions.  Asha  at  al.  (151)  have  presented  a  historical  survey  of  xonaa  of 
husan  comfort  and  working  conditions.  Konecci  (152)  reported  the  best  environmental  conditions  for  extended 
human  performance.  Trumbull  (153)  and  Cannon  at  al.  (154)  reviewed  extensively  the  effecte  of  envlroosantal 
conditions  on  human  performance  for  both  short  and  long-term  periode.  Bum*  et  al.  (155)  provided  an  over- 
y ttv  of  the  research  and  concepts  associated  with  each  of  the  environmental  stresses  of  space  flight. 

However,  ganaralixationa  about  tha  affects  of  various  work  anvironmsnt  factors  are  difficult  to  offer 
because  of  many  problems.  For  example.  Dean  and  McGlothlan  (156)  suggest  that  aavaral  relatively  mild 
sttaaaaa  may  add  up  to  a  total  atrasa  far  In  axcaas  of  any  one  of  tha  single  ef facta.  To  further  complicate 
matters,  Bovard  (157)  reports  that  different  Individuals  have  different  stress  thresholds,  and  that  the  pre¬ 
sence  of  another  human  at  the  time  of  a  atraaa  will  increase  both  individuals'  resistance  to  the  stress. 

Balks  (158)  agrees  with  Bovard  that  man's  capacity  for  atrasa  varies  among  individuals  and  within  tha  same 
individual.  Balks  further  report*  that  available  experimental  evidence  indicatae  that  tha  human  organism  has 
a  great  capacity  to  adapt  to  exceptional  requirements  of  a  biologic  nature.  Such  findings  make  painfully 
obvious  the  difficulty  of  meaningful  generalisation.  Thus,  such  people  as  Thomas  (159)  voice  a  strong  note 
of  caution  in  attempting  to  generalize  from  existing  raporta.  Thomas  exsmined  more  than  600  reports  on  the 
influence  of  environznntal  factors  on  man's  system  performance.  He  Indicated  that  information  gaps  vara  so 
great  that  any  meaningful  generalization  would  ba  difficult  to  establish,  and  that  the  widely  divergent 
raaulta  from  apparently  comparable  atuldes  ruled  againat  reaching  a  reasonable  overview.  Partly  with  tha 
hope  that  a  more  reasonable  overview  may  eventually  ba  pozalbla,  tha  following  findings  end  review  of  poten¬ 
tially  relevant  work  environment  parameters  and  their  relationship  to  alertness  are  offered. 

Illumination.  Webb  Aaaoclatas  (1*7)  report  that:  as  the  environment  becomes  darker,  object*  must  b* 
blacker  or  ' lighter  than  their  background  in  order  to  be  seen;  at  any  level  of  luminance,  email  object*  must 
have  more  contrast  than  large  objects  In  order  to  be  seen;  and  compensating  for  any  oacraas#  in  background 
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Luminance,  alia  of  Car gat  object,  or  contrast  oacaaaltataa  an  lncraaaa  In  ona  or  both  of  tha  otter  two 
factors.  Morgan  at  al.  (146)  and  Woodson  and  Comovmr  (149)  provide  background  Information  on  illuai nation 
prlndplaa  aa  vail  as  apaclflc  lighting  racoaasndatlona.  Tha  davaloplng  of  a  suitable  lighting  ayata*  uccaa- 
•ltatas  conaldarlng  such  factors  as:  tha  type  of  task  to  ba  involved;  tha  spaad  and  accuracy  vith  which  tha 
task  Is  to  ba  parforasd;  tha  length  of  tlaa  tha  task  auet  be  continuously  performed;  and  any  potential  varia¬ 
tions  in  tha  envlronaantal  oparating  conditions.  Clara,  insufficient  contrast,  aeall  alia,  and  uneven 
lighting  of  tha  work  spaca  cun  causa  ayaatr^n  and  poor  parformanca.  Although  Ait  ken  (160)  reported  that 
some  pilots  had  complained  of  inadequate  cockpit  lighting  as  a  source  of  frustration  and  fatigue,  engineering 
davelopnanta  in  lighting  nysteae  ernes  to  have  eliminated  moat  of  the  Illumination  problems  In  aaroepaca  mam- 
machine  systems.  Oaaplte  tha  occasional  aircrew  complaints  about  illumination  (aa  mentioned  by  Altkmn), 
designers  have  apparently  come  close  to  taking  the  hvmen-englnearlng  problame  of  proper  illumination  out  of 
aaroepaca  aystuma,  aincs  appllcationa-orlentad  author*,  such  aa  Trumbull  (153)  and  Cannon  at  al.  (154),  do 
nor  Hr-  illumination  aa  a  problem  In  diacuasions  of  work  environments. 

Temperature.  Woodson  and  Conover  (149)  raport  that  modarataly  complex  taska  (such  aa  problaa  solving 
and  aya-hand  coordination)  era  performed  with  normal  efficiency  in  ta^raraturaa  aa  high  as  65°  F. ,  howaver, 
mantel  activities,  alertness,  and  aya-hand  coordination  begin  to  alov  down  and  the  parcantaga  of  arrora 
incraaaaa.  Woodson  and  Conovar  raport  that  tha  optimum  work  condition  is  65°  F. ,  and  that  physical  stiff¬ 
ness  of  men' *  extremities  begins  at  50°  F.  They  further  report  that  tha  mors  capable  and  highly  motivated 
parsons  will  ba  affected  more  atrongly  by  temperatures  above  85°  F.  or  below  50°  F.  than  will  tha  lass  cap¬ 
able  and  laws  motivated  parsons.  Temperatures  below  32°  P.  and  above  125°  F.  become  painful  for  tha  Individ¬ 
ual  whan  tha  period  of  exposure  la  sufficiently  long.  Cannon  at  al.  (154)  raport  that  tha  optimum  temper¬ 
ature  for  working  condltlona  reams  to  be  about  70°  F.  and  that,  aa  conditions  vary  from  this,  parformanca 
decranant  can  ba  expected.  Konecci  (152)  stales  that  tha  beat  temperature  for  extended  human  parformanca 
la  70°  F.  with  an  acceptable  deviation  of  t  10°  F,  Telchner  and  Wehrke*)  (161)  studied  visual-motor  coordin¬ 
ation  taaka  over  a  range  of  from  50°  to  100°  F. ,  and  found  dacraaaaa  in  alartnaaa  and  parformanca  at  tan- 
paraturaa  both  higher  and  lower  than  70°  F.  Bartlett  at  al.  (162)  raport  that  whan  a  man  has  to  carry  out 
a  skilled  operation  and  la  exposed  to  hast,  ha  la  likaly  to  bacons  lann  efficient  within  a  few  minutes.  They 
further  raport  that  tha  extant  of  a  change  in  performance  resulting  from  an  unusually  warm  environment  ia 
proportionally  greater  If  tha  craw  la  working  under  an  additional  straas  which  itself  cauaaa  a  parformanca 
decrement.  A  skilled  worker  may  ba  able  to  compensate  for  an  unuaually  warm  temperature  (1.*.,  90°  P.) 
while  performing  a  routine  task,  but  usually  at  tha  axpanaa  of  soma  other  feature  of  hla  Job. 

Blocklay  and  Lyman  (163)  trained  pilots  to  fly  a  aariaa  of  special  simulated  pattern.  Than  tha  pilots 
ware  required  to  fly  thtaa  patterns  for  61  min.  at  160°  F. ,  for  29  min.  at  200°  F. ,  and  21  min.  ut  235°  F. 

Tha  parformanca  decrement  occurrad  within  tha  last  5  or  6  minutes  of  these  axpoauras.  Tha  younger  pilots  and 
tha  more  competent  among  tha  older  pilots  showed  lesser  amounts  of  performance  decrement;  and  the  more  com¬ 
plex  taaka  deteriorated  more  then  tha  almpla  ones. 

While  these  facts  Indicate  reasonably  adequate  agreement  with  auch  factors  aa  optimal  working  tamper- 
atures,  many  of  tha  complex  interactions — particularly  over  long  periods  of  time — remain  unexplained.  Tem¬ 
perature  affects  seam  to  vary  for  tasks  Involving:  physical  dexterity  and  aya-hand  coordination;  perception; 
the  skill  level  of  tha  operator;  and  tha  degree  or  environmental  acclimatization  achieved  by  tha  operator 
(164).  Kaufman  (.165)  reports  that  Individuals  difference*  In  tolerance  to  thermal  streu*  an  greet  and  that 
further  experimentation  la  .equirad  to  determine  human  parformanca  capabilities  under  thermal  stress.  Ball 
and  Frovina  (166)  reviewed  the  literature  on  tha  affects  of  high-tamperatura  envlronaantal  conditions  on 
human  performance,  and  concluded  that  the  degree  to  which  difficulty  in  performing  a  task  results  from  an 
uncomfortably  warm  environment  has  not  bean  adequately  resolved.  They  also  reported  that  tha  data  covered 
by  their  review  ware  Insufficient  for  a  completely  satlafactory  classification  of  heat  effecta.  bean  and 
McClothlen  (156)  studied  individual  and  interaction  effects  of  altitude,  noise,  and  temperature  and  con¬ 
cluded  that  relatively  mild  stresses  nay  sum  up  to  a  total  straas  far  in  axcasa  of  any  ona  of  tha  single 
stresses.  They  warned  against  tha  widespread  practice  of  estimating  the  physiologic  effect*  of  the  multiple 
strssaee  by  assuming  that.  If  each  of  the  single  effacta  vau  in  the  "aafa"  region,  than  the  coabined  effect 
of  the  atreeaae  would  also  11a  in  the  safe  region;  for  a  gross  underestimation  of  tha  multiple  stresa  affect 
could  result.  Comprehensive  coverages  of  problem*  associated  with  temperature  are  published  by  Handler 
(164),  Webb  (167),  Nevburg  (166),  Burton  and  Edholn  (169),  and  Wlnelow  (170). 

Humidity.  Tha  problaa  of  humidity  appears  to  have  bean  alighted  in  human  factors  research  on  tha  aero¬ 
space-  environmental  ayateas.  Woodson  and  Conovar  (149),  for  example,  dismiss  tha  problaa  with  tha  atataaant 
that  "tumidities  between  30  and  70  percent  have  baen  found  comfortable  by  suet  peoprJ'  (  --cl..  2,  p.  226). 

Dean  and  McClothlan  (156)  used  a  one-man  multipla-etrasa  chamber  cap-M*  of  simulating  altitude  from  aea 
level  to  65,000  ft.,  of  eatabllshing  a  chamber  temperature  from  45°  to  400°  F. ,  of  providing  from  70  to  140 
dB  of  white  noise,  and  of  providing  a  relative  tumidity  from  zero  to  100X.  In  all  their  studies  of  uingle 
and  aultlple  affects  of  anvlronaantal  stresses,  they  kept  tha  relative  humidity  at  50X.  Handler  (164) 
report*  two  studies  on  humidity  ef facts — on*  in  which  performance  decrement  proved  great*-  in  a  warm,  moiat 
environment  than  in  a  warm,  dry  environment  whan  both  environment*  had  the  same  affective  temperature ;  end 
e  second  etudy,  in  which  the  subject  was  -ha  effect  of  high  htsaidlty  at  high  and  moderate  ambient  temper¬ 
ature  on  sustained,  complex  mental  performance.  No  performance  decrement  could  be  found  that  could  ba 
aacrlbed  to  the  humidity  and  temperature  conditions.  Wabb  Associataa  (147)  report  that  a  change  in  humidity 
has  little  or  no  effect  In  extremely  dry  conditions.  Storm  at  al.  (171)  reports  no  performance  decrement 
associated  with  the  very  low  humidity  (leas  than  5X)  typical  of  tha  cockpit  In  flight. 

Konacci  (152)  reports  that  the  best  relative  humidity  level  for  extended  huuen  performance  is  approxi¬ 
mately  35X,  plus  or  minua  about  10X.  Bartlatt  (162)  reports  an  experiment  by  R.  D.  Papier  that  used  as 
subject*  some  men  in  England  who  had  been  artifically  acclimatized  to  heat  and  some  man  who  had  baan  living 
in  Singapore.  Over  a  parlod  ol  10  years  these  men  participated  in  experiments  designed  to  measure  the 
affact(s)  of  high  temperature  and  humidity  an  various  skills.  Result*  of  thee*  experiments  indicated  that: 
(a)  when  the  effective  temperature  wee  held  constant,  men  ware  leee  efficient  in  a  humid  than  In  a  dry  clim¬ 
ate;  and  (b)  unacclimatized  men  were  less  accurate  In  following  pointer*  even  during  their  first  10  minutas 
than  vara  the  acclimatized  men. 
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fwtiwi.  Within  tht  wtth's  •(■NflwN,  tbs  fnuun  of  tha  atmosphere  to  a  fuuClot  of  tin  iltltiUi 
of  tkpMlniiuli  aim*  bom  sea  kwl|  atmospheric  pnuaM  4atml*M  tka  amount  of  oxn>a  aval  labia  to 
fa  lafinlaal  buli|  aack  braatb.  Aa  iltltafa  lactases*  significantly  la  a  abort  tlae  (a  fan  Hour  a) ,  tba 
1iU1«Um1  kill  law  to  labels  a  larger  quantity  of  air  with  t> ..  Srsath,  or  braatha  at  a  aora  rap  14  rata, 
or  iatraaoa  t.So  percentage  of  oxygen  aval  lab  la  la  tba  air  tlj,  :.y  abstracts  aacfa  braatb— or  use  a  combln- 
atioa  of  all  time  sat  bode.  Special  dlata,  tba  uaa  of  cart-.  •.  ^.gs,  or  othar  tacbnlca  aay  ba  developed  to 
teduc*  tba  quantity  of  oxygen  tba  Individual  mtade  par  unit  ot  .  _ja.  dap  la  data,  empirically  verified,  on 
tba  ataoap baric  .wivirnnaont  boat  suited  for  loog-tara  aoroapaco  oporotloua  art  currently  avallabla  for  uaa 
la  lwaian"Mglaaarlag  aay  oaroapaca  system.  Tha  abaonca  of  atmospheric-associated  problem*  In  tba  Midi  apaca 
oparatlooa,  aa  pa  cl  ally  In  tba  Apollo  fligbta,  la  aLroag  verification  -f  tha  accuracy  of  tha  principles  cur¬ 
rently  uaad  to  avoid  aucb  problaaa. 

3ourcca  coo  earning  tba  atmospheric  aoviroacwnt  In  aaroupaca  oparatlooa  and  the  ralatad  problano  (auch 
a*  hypoxia,  oxygon  toxicity,  contaalnanta,  CO,  and  CO  pressures,  trappsd-gss  ayndroaaa,  ate.)  Include! 

Morgan  at  al.  (148),  Konacci  (152),  l'ruabull  (153),  Wabb  Aaaodataa  (147),  and  Woodson  and  Conover  (149). 

A  note  of  caution,  however,  la  voiced  by  Lambsrtssn  (172),  who  Indicate*  that  not  anough  aclantlflc  knov- 
lodga  la  avallabla  to  predict  the  potential  interaction*  batvaan  aan'a  phyalologlc  ayataaa  and  any  axtranwa 
of  atnoapharlc  factors. 

Vibration,  luyeically  and  aachanlcally  "vibration”  and  "noiaa"  ara  alailar  because ,  in  aach  caaa,  tha 
racaptora  Involved  ara  excited  by  wave  notion  in  tha  turroundlcg  aadla  (173).  Vibratlona  are  "fait"  through 
tba  aoaaaatbatlc  racaptora  of  the  body,  v'J.la  aound  la  "heard  through  the  ear.  tunning  angina*  (l.a., 
autoaobila  or  aircraft,  i  eiprocatlng  or  Jst)  ara  tha  aoat  coaaon  aourcaa  of  vibratlona  (148).  A a  with 
aavaral  othar  araaa,  anough  work  haa  bean  dona  In  tha  vibration  field  to  underline  it*  importance  »a  a  poten¬ 
tial  loog-tara  atraaa  factor.  Still,  aa  will  ba  ihnn,  aoro  work  la  vary  aarioualy  needed,  particularly 
whan  tha  concern  la  with  long-tarn  (rather  than  acuta)  atraaa  effacta  of  vibration. 

In  1959,  Forbes  (173)  reviewed  tha  literature  on  vibration  effacta  on  huaan  parforaanca  and  concluded 
that!  (n)  prolonged  exposure  to  vibration  can  result  In  fatigue.  Irritation,  sickness,  haadacha,  and  even 
permanent  Injury;  (b)  visual  acuity  laaaana  under  aoaa  conditions  of  vibration;  (c)  reaction  tine  Increases 
under  aoaa  conditions  of  vibration;  (d)  ainca  vibration  la  often  accompanied  by  othar  environmental  factors, 
the  effect*  of  vibration  by  Itself  have  bean  largely  impossible  to  dafina  clearly;  and  (a)  there  have  been 
almost  a*  many  experimental  condition*  aa  experimenters  in  tha  study  of  vibration  affects. 

Trumbull  (153)  reports  that  depth  perception,  tracking,  visual  acuity,  and  hand  reaction  ara  last  ade¬ 
quate  at  2. 5-3.5  c.p.a.  Tremor  and  aiming  tasks  ara  influenced  below  10  c.p.s.,  and  fatigue  can  ba  Induced 
at  4  c.p.a.  The  fatigue  lastu  for  aoaa  time  after  tha  teak  la  over,  with  the  degree  of  fatigue  being  almost 
directly  proportional,  to  the  amplitude  of  vibration. 

In  vibration  research,  according  to  Hornick  (174),  general  agrtamant  axiata  that  In  humans:  (a)  tha 
amplitude,  acceleration  increases,  and  duration  or  vibration  affect  compensatory  tracking  ability;  (b)  vlaual 
acutlty  suffers  in  tha  rsrgs  of  5-90  c.p.a.;  (c)  apparently  an  Increase  In  reaction  tlae  follows  exposure  to 
vibratlona  balow  20  c.p.a.;  (d)  paychoaotor  coordination  la  affected  at  specific  frequenclaa;  and  (a)  body 
•qulLlbrium  nay  be  affected  after  vibration  la  experienced. 

Morgen  st  el.  (148)  report  that  from  1-6  c.p.s.  the  huaan  body  respond*  primarily  to  tha  jolt  component 
of  tha  vibration;  from  6-9  c.p.a.,  to  tha  maximum  acceleration;  and  froa  9-250  c.p.i.  to  the  maximum  velocity 
Imparted  by  tha  vibration.  Vary  low  frequency,  hlgh-amplituda  vibration,  acting  perpendicular  to  a  horl- 
xontal  plan*  passing  through  tha  ear  openings  and  tha  external  corners  of  the  cyan,  are  the  prisuiry  causes  of 
motion  sickness  In  personnel  in  automobiles,  ships,  and  aircraft.  The  range  of  human  resonance  is  2-5  c.p.s., 
and  on*  of  *-hc  oat  Important  factors  Involving  human  tolerance  to  vibration  is  the  thorax-abdomen  system. 

In  this  spates,  3-4  c.p.s.  vlbrstion  have  both  longitudinal  end  transverse  directions.  Vibrstlon  in  tha 
transverse  direction  result*  In  displacement  of  the  abdominal  contents  and  abdominal  veil,  as  well  as  dis¬ 
placement  of  the  chest  well  and  diaphraga.  Because  any  operating  machine  system  produces  vibrations  which 
have  not  yet  bean  completely  engineered  out  of  the  system,  research  emphasis  hss  been  placed  on  protecting 
the  human  against  harmful  vibrations.  Morgan  at  el.  (148)  report  that  the  hydraulic  shock-absorber  system 
appear  to  be  tha  Boat  acceptable  system*  in  tsras  of  fatigue  effects. 

Counterbalanced  against  these  worthwhile  findings  and  conclusions,  however,  ere  s  number  of  difficulties. 
For  sxampla,  Finkle  end  Foppen  (175)  subjsctsd  9  voluntssr  Navy  enlisted  nan  end  1  medical  officer  to  the 
nois*  and  vibration  of  e  General  Electric  1-16  turboject  engine  for  a  total  of  20  hours  within  s  6-waak 
period.  The  enbjscts  war*  placed  In  various  positions  In  relation  to  the  engine.  Of  the  10  subjects,  7 
reported  inert,  teed  fatigue  and  irritability  during  the  entire  course  of  the  experiment;  but  3  reported  no 
affect*  of  the  noise  or  vibration.  According  to  Coetmenn  at  si.  (176),  experimental  results  indicate  some 
humans  ere  flatly  effected  by  vibration  while  other  human u  ere  not  effected  at  all.  Lippert  (177)  reports 
that,  while  progress  has  been  made  In  sxperlaentetlon  and  In  experinantal  design  In  vibration  research,  auch 
remains  to  b*  accomplished  in  studies  of  effects  of  vibration  on  huasns.  Von  Gierke  (178)  Indicates  that 
no  criteria  for  rating  vibration  exposure  are  generally  accepted,  snd  that  ell  rating  schemas  era  based  on 
subjective  judgment*  of  tolarsbility  or  comfort  snd  not  on  objective  indications  of  various  levels  of  physio¬ 
logic  risk.  Finally,  in  tha  opinion  of  Ueisz  *t  el.  (179),  vibration  research  should  shift  its  sephasls 
froa  the  currant  physiologically  oriented  approach  to  one  giving  greater  weight  to  the  psychologic  factors 
involved. 

Hois*.  Aa  In  tha  caaa  of  vibration,  auch  useful  work  hss  also  been  dona  on  noise.  So  auch  work  remains 
to  be  done,  particularly  with  regard  to  present  interests,  that  many  of  the  current  finding*  are  generally 
Interpreted  ss  providing  only  relevant  parameter*. 

Cannon  at  el.  (154)  report  that  the  effects  of  noise  on  lumens  are  not  always  predictable  because 
Individuals  very  In  their  sensitivity  to  noise.  Generally,  hearing  loss  occurs  a*  a  result  of  continuous 
(u  hour*  or  more)  exposure  to  100  dB  (or  more)  of  uoise.  Fart  of  the  loan  la  regained  with  rest,  but  some 
permanent  hearing  loss  aay  result.  Earplugs  or  headsets  are  normally  affective  protector*  against  hearing 
loss  for  aoat  of  the  noises  to  which  man  is  normally  subjected.  Trumbull  (153)  indicates  that  noiaa  (unwsntsd 
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auditory  stimuli)  will  not  cause  tha  earn*  aaount  of  performance  dtcrtatnt  in  all  human*  alnca  thara  ara  indi¬ 
vidual  diffarmncoa  In  sum's  susceptibility  to  nolaa.  Whan  tha  noiaa  laval  reaches  tha  100  dB  laval,  physio¬ 
logic  avidanca  ahowi  that  a  greater  expenditure  of  energy  la  nacaaaaty  to  maintain  the  asms  laval  of  ccncan- 
tration  aa  at  a  lowar  decibel  laval.  Ka actions  to  excessive  uolaa  aaaa  to  lnvolva  a  decree**  In  attantlon, 
accumulation  of  fatigue,  laaaar  ability  to  cope  with  tha  unexpected  or  difficult,  dacraaaa  in  acme  vlaual 
functions,  changaa  In  ohvalologlc  baaollnaa,  and  taaporary  or  permanent  haaring  loaa.  Morgan  at  al.  (148) 
report  that  noiaa,  being  an  uudaairabla  aound,  ha*  an  irritant  or  annoyanca  affact,  whoaa  aaplituda  la  pro¬ 
portional  to  b*  dagraa  to  which  tha  noiaa  diatracta  tha  Individual  froai  hla  taak.  Furthermore,  moat  of  tha 
avidanca  lndlcataa  that  nonaudltory  human  parformanca  la  advaraaly  affactad  by  a  noiay  environment  only  in 
that  tha  noiaa  providaa  a  aourca  of  diatractlon  (148) .  Noiaa  protactlon  that  cloaaa  or  covara  tha  aara  only 
la  llmltad  to  about  40  dB  or  SO  dS  attanuation  bafora  being  circumvantad  by  bona  conduction.  Covering  tha 
antlra  hand  (halmatad)  afford*  protactlon  againat  noiaa  up  to  about  60  dB  bafora  body-conducted  aound  bypaaaaa 
tha  haad  cover.  Coaplat*  ancloaur*  of  tha  entire  body  la  required  to  get  protection  from  noiaa  with  a 
decibel  rating  of  AO  dB  or  higher,  tha  adequacy  of  th?  nolaa-protacting  capabilities  of  tha  enclosure*  being 
dependant  upon  tha  adequacy  of  *-h*  aoundp  root  log. 

Uoodson  and  Conovar  (149)  report  that  speech  within  a  noiay  background  la  intelligible  whan  at  least 
401  of  tha  average  apaach  level  la  above  tha  apactrum  laval  of  the  background  noiaa.  To  achieve  noise  con¬ 
trol,  three  step*  ar*  nacasaary:  (a)  aalect  qulat  equipment  and  mount  It  proparly  (modify  a  noiay  piece  of 
aquipmant  to  eliminate  noiaa)}  (b)  place  noisy  equipment  in  a  place  where  the  amount  of  noise  it  not  a 
problem,  and  than  block  tha  noiaa  off  from  the  area  whera  qulat  la  important;  and  (c)  uaa  sound-absorbing 
materials  where  naadad  and  possible.  Bartlett  at  al.  (162)  report  that  noiaa  causes  brief  failure  of  attan¬ 
tlon  to  work.  Such  failures  will  not  affact  practiced  automatic  body  movements,  but  will  b*  important  only 
whan  unaxpacted  stimuli  arrive  or  whan  a  prolonged  continuous  aariea  of  important  atlauli  occurs  and  leaves 
no  opportunity  for  relaxation  of  attention. 

Tha  federation  of  American  Sociatias  for  Ixparlmantal  Biology  (180)  stares  that  the  noise  pain  threshold 
is  140  dB,  and  that  noiaa  levels  approaching  140  dB  interfere  with  apaach  conaunlcatlon.  No  standards  on  tha 
level  of  noiaa  and  riak  of  auditory  injury  have,  however,  been  accepted  by  both  tha  medical  and  the  engi¬ 
neering  authorities.  Gorskhkov  at  al.  (181)  report  an  "ultrasound  illness"  that  ia  one  biologic  effect  of 
ultrasound.  Tha  characteristics  of  ultrasound  illness  include  frightening  dreama  at  tha  moment  of  tailing 
aslaap,  sensation*  of  weightlessness ,  short  attacks  of  abulia,  loaa  of  appetite,  somnaadiullsm,  malaise, 
vertigo,  tingling  aanaatlons  in  tha  mouth,  and  feeling  of  unusual  fatigue.  Harris  (182)  adds  that  the  rated 
severity  of  noise  exposure  is  much  affseted  by  tha  activity  In  which  an  individual  la  engaged  whan  exposed 
to  tha  noiaa.  Corao  (183)  points  out  that  large  individual  dlffarancaa  ara  generally  observed  in  intellec¬ 
tual  performance  under  high-in tonal ty  noiaa.  No  personality  characteristic*,  however,  have  yet  been  isolated 
which  permit  the  auccaeaful  prediction  of  human  performance  under  noiaa  stress.  Von  Clerk*  (178)  reports 
that  criteria  recessary  to  Judge  rha  severity  of  lnpulce  are  lacking;  and  although  eons  criteria  «r*  avail¬ 
able  for  evaluating  tha  interference  of  noise  with  job  performance  and  for  judging  annoyance  with  noise,  they 
ara  nut  uniformly  accepted.  Aa  expressed  by  Shoenbargar  and  Harris  (184) ,  perhaps  the  only  conclusion  to 
be  reached  after  reading  the  reviews  of  tha  affects  of  noiaa  on  human  parfonanca  is  that  ther*  really  are 
some  affacts.  Largely  unresolved  remain  such  questions  as  whether  these  noise  affects  help  or  hinder  per¬ 
formance,  how  they  era  related  to  lutanalty  of  tha  noise,  and  what  changes  occur  over  time. 

Ionised  air.  Chiles  at  al.  (185)  found  no  avidanca  that  tha  breathing  'f  unipolar  levels  of  ions  much 
higher  than  those  that  occur  in  any  normal  situation  had  any  affact  on  attli udea  or  performances  tasted, 
and  no  effects  on  complex  mantel  tasks  occurred  under  difference  conditions  of  positive  or  negative  unipolar 
lone  in  tha  air.  Fray  (186)  reported  that  modifications  in  human  faallnga  or  behavior  are  not  produced  by 
negative  air  Iona  and  electromagnetic  fields,  aven  in  concentrations  much  larger  then  normally  found.  Fayna 
(187)  found  no  avidanca  that  exposure  to  Ionising  radiation  affactad  any  of  tha  psychomotoi  skills  he  used 
in  tasting  his  subjects.  Shaafar  (188),  however,  has  stated  that  the  high  level*  of  energy  output  from  modem 
radar  and  the  accompanying,  potentially  dangerous  affacts  of  positive  air  ions  ara  still  to  ba  avoided  until 
more  la  known  about  thaa. 

Radiation.  While  many  paopl*  arc  expoaed  to  ionised  radiation  from  various  sourcaa  (such  aa  household 
television  seta ,  watches  with  radiant  numbers  and  hands,  or  x-ray  machines),  the  amounts  of  radiation  thus 
received  ar*  generally  not  significant.  Tha  major  source  of  traumatic  ionising  radiation  is  tha  explosion 
of  a  nuclear  bomb.  In  such  a  caas,  tha  dlstanca  of  an  individual  from  the  canter  of  the  blaah  and  his  vind 
position  (upwind,  downwind,  or  to  one  aide)  will  determine  hi*  doe*.  The  larger  the  dose,  tha  more  damaging 
the  radiation  would  be,  tha  quicker  incapacitation  would  occur,  and  tha  less  chance  lie  would  have  of  complete 
recovery.  Glass  (189) ,  in  considering  the  affact  of  nuclear  radiation  on  the  combat  effectiveness  of  an  air- 
crawnan ,  concluded  that  a  craw  would  ha  able  to  complete  a  low- laval  penetration  after  receiving  a  dose  level 
of  leas  than  500  R,  provided  they  reached  the  tergat  within  1  hour,  if  the  exposure  dose  vas  400  R)  1.3  hours, 

if  300  R;  2  hours,  if  200  X}  4  hours,  if  100  R;  and  no  limit,  if  SO  R.  An  exposure  dose  of  500  K  would  make 

tha  craw  ineffectual.  Class  also  indicated  that  tha  reactions  of  slsven  cancar  patients  undergoing  air  doaaa 

of  150  R  or  200  R  showed  extraordinary  variability  in  extant  and  duration.  Zallmsr  (190)  reported  that  indi¬ 

vidual*  receiving  600  k  or  lass  vara  complataly  affective  for  performing  all  risk*  for  tha  first  hour  aftar 
exposure;  but,  by  the  and  of  24  hours,  almost  all  individual*  receiving  from  500  R  to  600  R  would  raqulr* 
hospitalisation;  and  50X  of  those  parson*  receiving  from  400  R  to  500  R  would  also  require  hospitalisation. 
Zallmar  also  stated  that  many  factors,  such  aa  motivation  and  Individual  suecaptlbiJity ,  affact  tha  perfor¬ 
mance  of  military  paraonnal  during  wartime,  and  that  thaea  factor*  would  undoubtedly  operate  during  a  nuclear 
war. 

Ox on*.  Young  at  al.  (191)  reported  that  9  p.p.m.  by  voluam  cf  oinnt  in  th*  atmosphere  will  cauaa  pneu¬ 
monic  Illness,  but  that  tha  patlanta  normally  rmcovar.  In  DC-8  aircraft  flying  between  27,000-  and  39,000- 
foot  altitude,  oxona  wac  found  in  a  concentration  of  0,3-0. 4  p.p.m.,  a  concentration  that  la  not  significant. 
Shreudsr  (192),  in  studying  tha  medical  aspects  of  commercial  jat  pilot's  fatigue,  concluded  that  oaon*  waa 
not  a  meaningful  aourca  of  pilot  fatigua  at  thie  time. 

Carbon  dioxide  and  carbon,  monoxide.  Woodson  and  Conovar  (149)  report  that;  (a)  th*  carbon  dioxide  con¬ 
tent  in  an  enclosed  air  apace  should  not  axcaad  0.5X|  (b)  although  a  person  will  not  notice  a  carbon  dioxide 
concentration  of  IX  or  2%  in  inspired  air,  this  amount  assy  dacraaaa  hia  proflclancy;  (c)  with  mors  than  3X 


carbon  dloxld*  persant,  he  will  notice  a  slight:  effort  In  breathing;  (d)  with  5Z  to  10Z  carbon  dloxlda  pre- 
«wt,  ha  will  braatha  haavlly  and  tlra  quickly;  and  (a)  whan  subjactad  to  5Z  to  10Z  carbon  dloxlda  lor  mat* 
than  a  brisf  parlod  of  tlss,  ha  will  dla.  Trumbull  (153)  rap'.rt*  that  carbon  dloxlda  tolaranca  In  aaroapaca 
opa rat Iona  la  oca  vaxiabla  that  cannot  ba  modified  or  extandad  through  apaclal  aalaction  of  personnel,  accli- 
matliatlon,  training,  or  other  technics.  Under  praaant  published  standards,  the  naxiaum  concentration  of 
carbon  dioxide  in  an  enclosed  air  apace  for  any  sustained  operation  la  2Z.  These  standards  ara  based  on 
studies  Indicating  that  as  small  an  increase  aa  1Z  (total  o  .'  32  carbon  dioxide)  can  produce  deterioration  in 
attention  aa  wall  as  unwanted  physiologic  and  neurologic  changes  that  nay  linger  for  soma  tine,  although  the 
USAFSAM  studies  by  Welch  and  his  associates  do  not  support  this  theory.  Trunbull  (153)  furtlier  reports  that 
the  narvous  system  does  not  demonstrate  any  ability  to  adapt  to  carbon  dioxide.  Morgan  at  al.  (148)  state 
that  the  carbon  dioxide  content  of  an  enclosed  air  apaca  should  ba  kept  below  1Z  whan  a  prolonged,  continuous 
exposure  is  to  ba  endured.  Howsver,  subject*  have  endured  a  32  concentration  of  carbon  dioxide  for  about 
6  days  without  any  significant  performance  decrement  (143).  Storm  and  Giannatta  (193)  found  2  weeks  of  expo¬ 
sure  to  4Z  COj  to  have  no  significant  affect  on  tracking  performance  or  problem-solving  ability.  Wabb 
Associate*  (147)  rsport  that  prolonged  sxposuras  of  40  days  to  air  in  which  the  concentration  of  carbon  diox¬ 
ide  was :  lass  than  0.3Z,  caused  no  biochemical  or  other  effects;  0.5X  to  3.02,  caused  adaptive  biochemical 
changes  (mild  physiologic  strains);  and  above  3. OS,  caueed  pathologic  changes  in  basic  physiologic  functions. 

Morgan  at  al.  (148)  raport  that  tha  carbon  monoxide  concentration,  in  an  enclosed  air  apace  should  be  kept 
hulow  tha  0.003Z  laval  for  long-term  aaroapaca  operations.  These  standards  appsar  to  ba  sxcasslvaly  severe. 
However,  tha  aame  authors  point  out  that  as  much  as  2.5Z  of  the  total  volume  of  cigarette  smoke  and  an  much 
as  8.0Z  of  tha  total  voliaaa  of  cigar  amoka  can  ba  carbon  monoxide,  and  that  tha  blood  of  heavy  smokera  often 
contains  critical  amountn  of  carbon  monoxlda  that  can  lower  thair  efficiency  in,  and  tolerance  for,  even 
moderate  altitudes.  Wabb  Associate*  (147)  raport  that  limits  for  carbon  monoxlda  expo cure  are  from  an  inde¬ 
finite  parlod  at  0.0052  up  to  0.0BX  maximum  lot  Naval  aviators  and  up  to  0.02  for  Army  and  Air  Force  aviators. 
Tha  threshold  limit  valu*  (TLV)  for  Industry  la  0.01Z  concentration  for  480  min.  Headache,  dlzcinaas,  and 
nausea  ar*  symptoms  of  both  excaaaiv*  carbon  dioxide  and  carbon  monoxide  concentrations.  Other  symptoms  of 
excessive  carbon  dioxide  concsntratlon*  ar*  visual  problems,  rsspiration  problems,  and  "air  hunger"  (147), 

Other  contaminants.  In  any  enclosed  air-aystom  supporting  aerospace  operations,  impurities  or  foreign 
matters  will  always  is*  found  in  the  sir  that  ara  not,  in  themaelvsa,  Injurious  to  health  but  may  affect  task 
performance.  Such  factors  aa  body  odors,  food  analla  (e.g,,  garlic,  onions,  etc.),  or  aromatic  tobaccos  may 
ba  a  significant  source  of  strained  interpersonal  relations  (153)  or  may  affect  the  appetite  end  lead  to  poor 
nutrition  (148),  thereby  causing  lowered  efficiency. 

girdles*  of  difficulties  that  arise  when  data  from  laboratory  studies  era  applied  to  operational  sit¬ 
uation,  the  aaroapaca  syatasia  designers  ara  still  not  able  to  engineer  out  of  the  system  some  problems 
affecting  task  proficiency.  Excessive  noise  and  vlbrationa,  for  example,  are  still  part  of  all  aaroapaca 
operations;  acceleration  forces  art  still  potent  stressors;  and  not  enough  data  currently  exist  concerning 
tha  affects  of  humidity  to  do  more  than  "strike  a  happy  mean"  in  attempts  to  control  the  humidity  affects 
in  long-term  aaroapaca  performance. 

Altitude  and  climate.  The  work  environment  factors  might  easily  cow.  to  mind  when  one  thinks  t>f  poten¬ 
tial  atreaaors.  Tha  cltltude-and-cllstata  diffartnees  factor  and  tha  following  general  group  of  factors  (such 
ns  disease,  insects,  and  plants)  are  less  often  thought  of  immediately,  but  still  appear  quite  relevant  to 
military  problems. 

Trumbull  (153)  reports  that  tha  movement  of  armies  by  Jet  transport  from  temperate  to  torrid  or  frigid 
operational  area*  in  houra,  coupled  with  any  diurnal  cycle  problem,  can  have  a  vary  potent  effect  on  tha 
combat  or  operational  capacity  of  the  individuals.  Sudden  changes  in  climate  (194)  and  adverse  vesthar  con¬ 
dition*  (180),  including  turbulence  (173),  are  stressor*  thut  affect  the  alrcrawman.  Quantified  data  on  the 
degree  to  which  these  factor*  affect  individual  capacity  or  performance  are  not  available.  Si..gly  and  in 
combination,  howavar,  tha  adverse  weather,  the  characteristics  of  tha  individual,  the  equipment,  and  the 
nature  of  the  mission  oparat*  to  modify  the  behavior  of  the  individual  (1(10)  In  complex  ways.  Aircrowman 
living  in  a  location  leas  than  1,000  ft.  above  saa  level  may  fly  a  mission  to  a  location  where  the  altitude 
Is  9,000  ft.  abov*  sea  level  and  have  to  resain  ther*  for  sevsral  days.  Whl.l*  the  decrease  in  the  partial 
pressure  of  oxygen  at  that  altitude  may  not  ba  savare  in  Itself,  its  combination  with  such  fsetoru  as  time- 
son*  problems  or  suddsn  changes  in  temperature -humidity  ranges  could  have  a  significant  effect  on  the  cap¬ 
ability  of  the  air crewman. 

Disease,  insects,  and  giants.  Data  concerning  the  affect*  of  infection  on  human  performance  have  been 
essentially  nonexistent  (195),  but.  the  U.S.  Army  ties  recently  sponsored  s  long-term  contract  on  this  problem. 
Reported  results  (196)  of  this  program  indicate  a  25-30X  decrement  In  performance  efficiency  with  an  early 
febrile  dlaaasa  such  aa  tularemia,  and  a  20-252  decrement  with  the  iesa  severe  Sandfly  flevar.  Symptomatic 
chemotherapy  with  Axurln  and  Darvon  appeared  to  obviate  the  performance  decrements  associated  with  Sandfly 
fevtr.  Behavioral  reactions  to  febrile  illuaaoas  appeared  more  closely  reluted  to  subjectlva  feelings  than 
to  blosmdlcal  Indies*  of  the  illness. 

For  the  typical,  haalthy  alrcrawman,  the.  illneiaaa  which  might  be  considered  ara  not  exotic.  The  uell- 
I-.uown  "touriet-etomach"  nyndrome  ie  on*  result  of  rapid  movement  from  on*  geographic  culture  to  another. 

Tha  acclimatisation  and  immunity  built  up  in  ona  culture  may  not  ba  effective  in  another.  Even  with  using 
extras*  car*  In  regard  to  the  food  aaten  and  water  lngustad,  aircrews  forced  to  spend  time  in  different  geo¬ 
graphic  location*  and  different  cultures  are  exposed  to  new  viruaea,  bacteria,  insect*,  plants,  and  levels 
of  satiation.  Rapid  transition  from  a  hot  humid  climate  to  a  cold  dry  climate,  and  vice  versa,  can  trigger 
respiratory  disorders.  Among  thoss  factors  which  probably  constitute  the  bust  insurance  against  sucli  incap¬ 
acitation  arat  excellent  physical  condition;  extrema  cars  in  exposure  to  foods,  water,  etc.;  and  up-to-date 
immunization  shot*. 

Task  Factors 

A  considerable  amount  of  work  has  been  done  in  th*  general  area  of  task  factor*.  The  need  for  caution 
should  ba  stressed,  howavar,  before  generalizing  froa  laboratory  result*  in  tha  fialcS  altuution.  Th*ra- 


20 


lot*,  th«  following  brlaf  critical  review  la  praaantad. 

Many  authors  hava  atraaaad  tha  difficulty  of  applying  laboratory  flndlnga  to  operational  prohlaaa. 
Chapanla  (.197) ,  for  axoapla,  polnta  out  chat  we  oftan  cannot  conflra  In  raal-vorld  al tuition*  what  tha 
raaulta  of  laboratory  axpariaents  laad  ua  to  predict.  Dean  and  Kcdlothlen  (156).  aa  already  aantlonad, 
report  that  any  parforutauce  aatlaiataa  baaed  on  tha  available  alngla-utreaa  and  alngle-taak  raeearch  will  be 
eeanntially  aeanlnglaan  In  evaluating  aultlpla-atreaa  a  fact*  on  the  performance  of  any  apeclflc  teak  by  a 
eitigle  individual.  Garvey  end  Taylor  (198)  feel  that  man-machine  ayatama,  which  may  dltfar  only  alightly 
in  laboratory  evaluation!),  may  differ  conaiderably  under  the  axlganciea  of  etraaaful  field  operation, 

Kibler  (199)  indicated  that  tha  raaulta  of  claaalc  vigilance  research  are  not  particularly  applicable 
to  prnaant  monitoring  tanka.  Jerieon  and  l’ic.katt  (200)  concluded  that  vigilance  raaaarch  doaa  not  contri¬ 
bute  meaningfully  to  tha  solution  of  problaaa  of  auatalnad  viaual  monitoring  of  radar  diaplaye  eitViar  in 
manned  apace  uyateme  or  in  any  system  that  in  planned  for  field  operation.  Dahaa  and  Ftrguaon  (201)  report 
that  tha  accelerative  pattern*  in  date  from  actual  flight  are  to  much  Born  complex  than  thoaa  from  analytical 
laboratory  invemlgationa  that  the  latter  d  ta  are  of  limited  uae  in  evaluating  pilot  reactions  during  aevere 
maneuvers.  Bnrgbtroni  (202)  reported  that  a  human  pilot  can  perform  difficult  and  complex  tanks  in  tha  lab¬ 
oratory,  mid  tha  simulator  may  have  excellent  face  validity)  but,  when  the  system  1b  nirbornn,  the  pilot's 
performance  deteriorates  aeriouely.  Wise  (203),  «e  airaady  mentioned,  states  that  the  difference  between 
tha  laboratory  and  tha  real  work  ia  ae  great  aa  betwaan  man  and  ape.  VJaatbrook  at  ul.  (204)  report  that 
many  of  tha  psychologists'  experiment*  in  studying  pilot  problems  offer  so  little  raallsm  relative  to  oper¬ 
ational  condition*  that  most  of  their  findings  have  only  limited  application  to  practical  system  design. 

These  cautions,  against  thu  casual  attempt  to  uae  laboratory-developed  technic*  or  principle*  in  field  or 
operational  ayatama,  apply  to  many  of  the  following  studies  of  task  requirement: n,  work-reat  cyclta,  and 
taak-load  problema. 

Task  requirement* .  Individuals  differ  (In  all  messureable  characteristics  preaently  sampled  by  any 
psycltomstrlc  Uadi'nicT" from  one  situation  to  another,  from  unu  task  fn  another,  and  in  the  same  teak  from 
time  to  time  (148).  Any  system,  therefore,  that  will  require  the  uae  of  a  man  In  Its  operation  will  have  to 
be  engineered  so  that  ir.a  requirements  of  mun  will  fall  within  his  basic  capabilities  plus  his  inherent 
varisbilitias,  Morgan  et  ul.  (148)  and  Woodson  and  Conover  (149)  agree  that  certain  task  requirements 
should  be  the  function  of  some  machine  compouunt-apecifically  those  requirements  involving:  the  storage, 
recall,  and  manipulation  of  large  numbers  of  factB  or  figures)  thu  application  of  large  amounts  of  force, 
quickly  and  mnoothly)  operations  In  environments  so  stressful  as  almost  to  insure  human  failure)  and  ( lie 
almost  instantanvouu  reaction  to  control  signnls.  They  sloo  agree  that  some  task  requirements  should  be 
the  function  of  the  human  operator,  especially  tasks  involving)  the  discrimination  of  signals  in  noise; 
tha  perceiving  of  patterns  in  changing  fields;  the  improvising  and  use  of  flexible  procedures;  and  the  use 
of  originality  In  solving  problems, 

Factors  antagonistic  to  short-  or  loug-ttru  ulficiency  include:  increasing  the  speed  with  which  a  dis¬ 
play  la  presented,  or  increasing  the  number  of  displays  to  be  monitored  (205);  working  in  the  name  position 
for  e  long  period  of  time  (148);  excessive  administrative  requirements  (160);  wan-machine  incompatibility 
(148);  and  overloading  the  operator  (206).  Again,  however,  a  major  problem  in  establishing  man's  functions 
in  an  operational  aerospace  uystam  lias  in  the  fact  that  the  majority  of  data  pertaining  to  man's  capabil¬ 
ities  in  a  man-machine  system  come  from  laboratory  studies. 

Task  load.  Thu  problem  of  task  lauding  scums  to  have  been  largely  human-engineered  out  of  the  present 
aerospace  systems — insofar  as  the  actuul  operation  of  air-transport  system  ia  concerned,  For  example, 
hillings  and  Kggspuehler  (207)  point  out  that,  in  studying  changes  in  selected  variables  though  to  be  caused 
by  fatigue  end  task  loading,  they  found  that  the  differences  between  subjects  wae  much  larger  than  any  differ¬ 
ences  in  output  presumed  to  be  caused  by  fatigue  or  task  loading.  Stenbridge  (208)  reported  thee  in  the 
results  obtained  by  questioning  391  uircrowmen  who  flow  14,000,000  miles  in  100,000  sorties  to  deliver 
1,000,000  tons  of  freight  during  the  ISerliu  Airlift,  no  aircrewmen  was  reported  to  hove  given  task  overload¬ 
ing  ae  a  significant  source  of  frustration  or  fatigue,  Khroudcr  (192),  in  the  medical  aspects  of  commercial 
Jet-pilot  fatigue,  did  not  list  task  luuding  ns  n  significant  factor.  In  invastigstiug  tiie  pilots;  workload 
In  civil  airlines,  Smith  (209)  reported  that,  in  the  operational  setting,  the  major  source  of  frustration 
was  tha  inability  to  adhere  to  the  schudul&j  tnsk  load  was  not  liated  us  a  significant  factor.  In  applying 
tlua  and  workload  analysis  technics  to  tranuport  pilots,  Cantrell  and  Hartman  (210)  found  that  neither  the 
task  load  nor  the  flying  hours  required  were  thu  major  nourcas  of  frustration  to  tliaae  pilots,  but  rather 
euch  factors  as  leek  of  planned  free  time,  oxcussivo  rsmp-poundlng  tJ.mu,  and  avoidable  unroute  dulaya.  Altksn 
(160),  in  reporting  the  results  of  an  interview  study  of  uircrewnicn ,  did  not  find  that  task  load  was  u  signi¬ 
ficant  source  of  concern  to  the  pilots, 

Tusk  loading  was  not  found  to  be  a  direct  cause  of  aircraft  uccidents  by  either  Hartman  and  Cantrell 
(211)  or  Goorney  (212).  Hartman  and  Cantrell,  however,  indicated  that,  beesune  piloting  was  more  demanding 
on  the  approuc.li  and  landing  phuses  of  flight  than  in  the  cruising  phase,  changes  in  tsak  loading  could  be 
u  factor  in  landing-short  accidents.  Westbrook  ut  ul .  (204)  umphaaire  tha  naed  for  a  reliable  measuring 
of  aircrew  workload  or  utruas.  Hartman  and  Cimtrell  (213)  point  out  that  the  ultimate  goal  of  biomedical 
research  le  the  maintenance  of  man's  capacity  for  skillful  work,  and  that  problums  of  human  efficiency 
uesociatad  with  physiologic  degradation  disappear  when  tha  physiologic  prublum  is  engineered  out  ot  tite  sys¬ 
tem.  Fitts  (214)  reports  that  ouu  of  thu  best  ways  of  increasing  the  probability  of  reliable  performance 
under  unfavorable  environmental  conditions  is  to  insure  that  all  aircrew  responses  potentially  required 
during  operational  usa  of  tlui  system  are  within  the  aircrew's  highly  overlearned  habit  system. 

Acceleration.  Acceleration  is  included  here  because  1c  is  an  integral  pert  of  taking  off  or  landing 
In  an  aerospace  system,  or  of  making  a  relatively  rapid  change  in  spend  or  direction  vhilu  moving  ut  a  rela¬ 
tively  rapid  upuud.  Morgan  ut  al.  (148)  call  thu  acceleration  vector  in  a  plsnu  parallel  to  Lhe  body' a 
longitudinal  axisi  positive  acceleration,  if  It  is  in  the  hued-tu-f out  direction;  and  negative,  in  die 
foot-to-hend  direction,  The  acceleration  vector  in  a  plane  perpendicular  to  the  longitudinal  axiu  of  thu 
body  lu  called  tranaverue  acceleration,  l.luucr  acceleration  ia  that  in  which  thu  poeition  of  thu  longitu¬ 
dinal  uxia  changus  In  a  utrulgi.t  line.  Radial  or  centrifugal  acceleration  occurs  when  tha  longitudinal 
axis  is  rotatad  around  a  central  point  so  thut  its  velocity  vector  is  constantly  changing  direction.  Angular 
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acceleration  la  produced  lor  the  aame  condition  whan  the  velocity  vector  change*  magnitude  and  direction. 

Woodaon  and  Conover  (149)  and  Clarke  at  al.  (215)  report  that  a  aubject'a  tolarnnca  to  accalaration 
ia  increased  by  placing  bin  *o  that  thee*  force*  are  transverse  to  the  long  axle  of  hia  body,  and  by  tha 
uaa  of  poaltive  pressure-breathing  by  the  aubjact.  They  <!tate  that  auditory  rather  than  viaual  aignala 
ahould  be  uaed  when  critical  accalaration  lavela  are  anticipated,  and  that  armrests  and  control*  ahould  be 
placed  close  to  tha  operating  poaition  if  they  are  to  ba  manipulated  during  parloda  of  axtrama  forcaa.  in 
a  rotating  apaca  atation,  the  Corlolia  (or  centrifugal)  force  would  add  another  dlmanaloi.  to  tha  problem  of 

tha  occupant*  of  the  apace  atation.  Overcoming  deleterious  effecte  of  the  Coriolle  force  would  lnvolvei 

(a)  placing  any  conaolaa  perpendicular  to  thla  force  ao  that  lateral  hand  movamante  would  not  be  disturbed; 

(b)  poeitlonlr.g  tall  rack*  or  file*  ao  that  the  pulling  out  of  drawara  or  racka  would  not  ba  affected  by 

the  force;  (c)  positioning  any  ladders  so  that  tha  Coriolis  forca  would  not  throw  a  man  either  away  from  or 
agalnat  the  l.ddar;  and  (d)  sleeping  in  bunks  with  the  foot  tovnrd  the  direction  of  the  rotation,  so  that 
the  Coriolis  forca  would  help  tha  individual  raise  up  out  of  bed.  The  report  by  Webb  Associate*  (147)  fur¬ 
nish**  considerable  data  pertaining  to  tha  various  acceleration  factor*.  Theau  data  ere  markedly  antianced 
by  tha  highly  successful  apace  flights,  managed  by  NAHA,  in  which  these  data  ware  used  to  establish  the  man- 
machlna  parameters,  following  are  some  of  the  general  principles  developed)  (a)  Accalaration  stress 
significantly  Impairs  viaual  capabilities  (under  conditions  of  increasing  acceleration,  viaual  acuity 
dacraasaa,  stronger  illumination  la  required,  but  less  brtghtnnsM  contrast  is  naeded) .  (h)  Strong  individ¬ 

ual  differences  exist  among  pilot*  in  resisting  performance  decrement  during  exposure  to  high  G.  (c)  Soma 
pilots,  during  or  after  acceleration  exposure,  are  subject  to  falaa  perceptions  of  their  position  and  motion 
(pilot  performance  proficiency  can  be  markedly  improved  during  exposure  to  high  G  through  ecceleration 
training  programs),  (d)  Tha  proficiency  of  a  pilot  performing  under  high  G  la  significantly  affected  by  the 
characteristics  of  tha  control  device  used,  (e)  The  measurement  of  a  pilot's  performance  capabilities  in 
affectud  by  the  lnatrummnt-dlsplay  characteristics,  (f)  Tasks  performed  easily  under  low  G  conditions 
become  more  difficult  aa  G  Increases .  (g)  High  G  uf facts  intellectual  skills,  concentration,  time  percep¬ 

tion,  Judgment,  and  lnsaadiate  memory,  (h)  Tha  direct  affects  of  acceleration  may  lead  to  a  lesser  paycho- 
phyaiologic  Impairment  uf  tha  pilot  than  do  the  emotional  reactions  generated  by  the  anticipation  of  ucceler- 
ntl<  a.  (1)  Acceleration  stress  may  combine  with  other  environmental  Btrensaa  in  modifying  the  performance 

of  the  pilot. 

Trumbull  (1)3)  reports  that  all  studies  of  tolerance  to  acceleration  forces  show  tha  uaual  Individual 
<li  Iterances,  thus  suggesting  that  selection  of  pilots  for  accalaration  tolerance  might  play  an  important 
C'lle  In  aerospace  operations.  Many  subjects  have  bean  repeatedly  uxposed  to  various  levuls  of  acceleration 
I  y  numerous  experimenters,  with  mixed  results.  Sums  Luseatuhera  report  adaptation  to  acceleration  forces, 
aid  others  report  decreased  tolerance  to  acceleration  forces.  Chambers  (21b)  states  that  flying  an  airplane 
exposes  the  human  to  potentially  severe  acceleration  forces,  to  which  "grayout,"  and  vertigo  are  well- 
known  reactions, 

The  effects  of  accalaration  on  taak  performance  appear  to  bi  related  to  task  complexity  and  difficulty, 
and  to  mechanical  interference,  large  individual  differences  In  emotional  reactions  to  acceleration  forces 
have  also  bean  observed.  Euphoria,  fear,  tension,  and  nausea  are  aome  of  tha  oboarved  "personality"  effects 
of  accalaration.  Mora  data  will  be  needed  In  ordar  for  the  relations  between  accalaration  forces  and  con¬ 
tinued  pilot  competency  to  be  understood  adequately,  Gem-Jacobaun  (217)  used  an  d-chonnel  airforce  EEC  to 
record  the  brain  waven  of  30  different  pilots  while  they  flaw  65  missions.  Rolls,  divas,  and  the  pulling 
of  b  O' s  ware  Included  in  each  flight,  Ha  found  rmrked  individual  differences  in  tha  EEC  reactions  of  tha 
30  pilots  to  tha  varloua  mission  stresues.  The  study  ahovad  that  some  active  duty  pilots  undoubtedly  experi¬ 
ence  gome  unconsciousness  and  sometimes  convulsions  while  flying  fighter  aircraft  through  extreme  maneuvers. 

Stress  toleranco .  In  the  most  general  sense,  stress  la  inferred  when  some  factor  (stressor)  causes 
dehabilitation  in  any  of  the  psychologic  or  physiologic  functions  of  man.  Tits  force  of  the  stress  la 
dlractly  related  to  tha  magnitude  of  the  deviation.  The  Joint  Discussion  forum  on  Behavioral  Sciences  (218) 

emphasises  the  needs  of  the  armed  services  for  Increased  knowledge  of  the  long-term  and  Interactional  effects 

of  ell  stressors.  Agrell  (219)  reports  that  a  primary  task  of  military  psychology  is  to  find  uut  more  about 
behavioral  changes  under  stress.  Not  only  do  people  react  differently  to  Ntreas,  but  the  same  Individual 

will  have  different  reactions  to  stvaaa-dapending  on  tha  type  of.  stressor  affecting  him.  Selya  (220,221)  has 

provided  a  model  for  the  effects  of  atraaaea  on  human  behavior  and  adapted  functions— an  approach  that  has 
received  wide  acceptance  by  behavioral  scientist*.  Stresses  can  be  severe  for  a  short  time  or  minimal  for 
a  longer  period  of  time;  both  aspects  should  be  considered.  Stress  can  be  either  physical  or  psychologic 
or  any  coadrinatlon  of  both.  Nayanko  and  Ovchinnikova  (222)  atata  that  psychic  stress  develops  In  man  in 
different  stluatlone,  during  mental  and  emotional  overload,  when  aomethlng  interferes  with  hla  task  perfor¬ 
mance,  or  through  personal  failure  In  liia  work. 

Collapse  under  strata  ia  hard  to  predict.  Gerathevohl  (223),  for  example,  reporta  that  men  who  had 
bean  Identified  as  prone  to  breakdown  under  stressful  situations  nevertheless  served  long  and  wall,  avan 
on  tours  of  combat.  Dynes  (224)  states  that  only  about  5X  of  men  who  served  In  combat  had  a  breakdown  as 
a  result  of  straes.  Dynes  further  reports  that  the  evidence,  obtained  fron  men  fresh  from  combat  and  from 
survivors  from  sunken  ships,  does  not  support  the  widely  accepted  theory  that  all  men  have  psychologic 
breaking  polntu.  In  describing  tluj  stresses  of  combat  on  Guadalcanal,  Lidz  (225)  reported  that  the  man  who 
did  not  "crack  up"  from  stress  had  experienced  one  hazard  after  another,  suffered  tho  same  frustrations, 
fought  tha  same  battles,  and  experienced  the  same  hardships  and  disappointments  as  those  among  their  peers 
who  did  crack  up, 

Clvllain  disautsrs  are  sources  of  data  on  the  immobilizing  effects  of  acute  stress.  In  reporting  on 
the  coawunlty  reactions  to  the  stresses  of  a  disaster,  Tyhurst  (226)  stated  that  loss  than  25Z  of  the  per- 
uons  invulvcd  were  capable  of  performing  the  constructive  activiltea  necessary  to  >air.lgate  the  effects  of 
tha  disaster,  while  the  other  75X  exhibited  behavior  ranging  from  bewilderment  to  paralyzing  anxiety  end 
hysterical  fear. 

Klein  at  al.  (227)  state  that  the  magnitude  of  the  stress  on  a  flight  crew  is  determined  by  the  inten¬ 
sity  of  the  strasalug  factors  und  by  their  duration  and  frequency  of  occurrence.  Boylos  (228)  points  out 
that  the  normal  stresses  inherent  in  flying  may  interact  with  the  stresaas  of  combat  and  aggravate  them. 
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Frykholm  (2291  reports  that  npa.  "ini  ai.rar'iwoien  undergo  tha  moat  careful  medical  anti  psychologic  screen- 
lng  ami  selection  and  ara  collate  ,  Jetted  to  regular  medical  cheeks.  Throughout  tlialr  camel's,  the 

operational  alrarawmftii  ara  also  ...cantiy  subjected  to  l>lgli  atraiaor  load*  during  all  type*  of  flying 
missions.  Tha  highly  motivated  alrcrawnan  may  managa  the  atreaaa*  of  flying  wltli  uuitabla  anxlat  /-hand  ling 
mechanisms;  but  tout  alrcrawnan  appavantlv  do  not  hava  Lha  psychologic  resources  to  managa  atraia  mid  are, 
through  various  aachaniama,  removed  from  flight  status.  Home  ol  the  atraaaori  that  fata  the  operational 
aircrevaan  arat  family  troublaat  raduttion  In  job  setlefact  Lon  (  transfer  to  a  lilghar  par  formant*  aircraft 
(229)  l  emotional  atraa*  (230,212) i  fane  of  failure  (231) |  any  anxiety,  no  matter  what  the  source  (1HU); 
and  faar  of  paraonal  risk  (219),  Trumbull  (113)  raporta  that  the  quality  and/or  quantity  of  ntreaa  <:m>  ha 
altarad  by  the  atata  of  tha  mind,  anticipation,  famlliarliation,  and  training.  Fine  and  ilaiimau  (232.1 
daacriba  personality  factor*  which  influanca  atraa*  tolerance.  Ohr.tvar  (233)  oporto  Dial,  chronologic  age 
doau  not  appear  to  contrlbuta  significantly  to  diffarancaa  In  parfonnanca  under  HLre.nn.  (Journey  (212)  atatcH 
that  anutional  atraaa  may  be  a  aignif leant  contributor  to  pilot-error  accidents. 

Uaward  (19<t)  reporta  that  raaplration  la  tha  single  heat  moaaura  of  *tre*n,  with  galvanic  iikln  venponit.’ 
(OUR)  and  pulaa  rata  being  the  moat  compatible  variables  with  respiration  to  indJca.t.c*  level  oi  iitrcse, 

(Many  physiologists  would  not,  hovuvar,  agree  with  thia  probably  ovarNlmpliflv.d  ntainmaitL . )  CiMiaidarat  Ion 
of  the  atraaa  problem  at  the  Kennedy  Space  Center  (23b)  lad  to  the  conclimlon  that,  from  Individual  to  Indi¬ 
vidual,  graat  variation  exists  in  total  available  energy  reserve*,  the  rate  ol  energy  iranaiormatiun  nuccs- 
aary  for  tha  body  to  cope  with  varioua  atraaaaa,  and  tha  rata  of  rebuilding  energy  raaervaa.  Considerable 
variation  alao  appeara  to  occur  in  rapidity  of  response  to  atraaa,  onaat  ol  fatigue,  and  the  level*  of  daily 
atraaa  nacaaaary  to  produce  accumulate  or  chronic  fatigue.  Individual  difference*  In  reactions  to  atraaa 
are  likawiea  reported  by  Agrall  (219),  halite  (15B),  Bergstrom  (202),  Ccatmaim  et  ol.  (17b),  Curran  and 
Wherry  (233),  Lida  (223),  Nayenko  and  Ovchinnikova  (222),  Shrivel*  (233),  and  Wherry  und  Curran  (23b). 

Thera  seems  to  bu  no  raaaon  to  doubt  that,  with  the  appropriate  devices  and  technics .  aircruwuaii 
could  ha  selected  who  would  be  highly  resistant  to  major  stressors.  (Substantial  progress  toward  this  goal 
was  shown  by  the  work  of  Sells,  particularly  in  the  emotional  and  motivation  spheral  but  the  program  was 
terminated  before  the  goel  wes  reached.)  Wilson  (237)  reports  that.,  for  aeluctiou  of  I’rojoct  Mercury  can¬ 
didates,  psychologic  stability  (resistance  to  change  under  stress)  was  the  must  important  I  a. tor  in  the 
evaluation,  with  physiologic  performance  being  a  secondary  conuidaratlon.  Pllnn  ct  ul .  (238)  state  that, 
in  considering  candidates  for  future  space  pilots,  tne  ability  to  tolerate  stress  and  frustration  without 
significant  emotional  symptumatalugy  or  Impaired  purf  oi'.iauce  is  considered  lo  be  an  important  personality 
characteristic.  Hovard  (157)  reports  that  the  presence  of  another  human  at  the  time  of  n  stress  Increases 
both  individuals1  reelatanca  to  a  tress, 
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Crew  Performance  and  Fatigue 

Tha  workload*  and  task  demands  Imposed  upon  sir  crewmembers  in  modern  military  aircraft  arc  substantial. 
TUe  missions  have  bucoau  more  demanding  and  craw  of fectlvuncss  and  alertuesH  are  clearly  quite  high  on  any 
scale  of  "criticality."  Further  mure,  many  mission  durations,  nominal  and  cuntlnguncy,  are  significantly 
longer  than  in  the  past.  The  requirements  lor  work  prior  to  the  1  lying  segment  of  s  tour  of  duty  further 
complicate  the  problem.  Because  of  these  considerations,  It  Is  appropriate  to  put  more  eap'.„.'la  on  hardware 
and  software  factors  Impinging  un  crew  performance  than  has  beau  dona  in  the  past,  The  material  which 
follows  la  a  brief  summary  of  existing  knowludgo  on  crew  performance. 

Psychologic  llffccls  of  Physiologic  Strewn 

An  Important  area  of  concern  is  the  evaluation  of  performance  impairment  produced  by  physiologic  ulrua- 
sora  known  or  suapflcUed  to  exist  In  an  operational  system.  Within  the  limited  space  available  here,  It 
appears  beat  to  deal  with  the  problum  of  psychologic  uffuctu  arising  from  physiologic  struss  In  summary  form. 
One  such  summary  Is  presented  in  the  form  of  a  qualitative,  table.  Shown  are  the  effects  of  12  stressors 
on  20  aspects  of  performance  selected  for  their  pertinence  to  crew  functioning. 

In  general,  low  levels  of  biodynumlc  stressors  such  us  acceleration  and  vibration  alter  crew  performance, 
because  they  "luad"  the  limbs  und  iiiturl’uru  wi'li  coordination.  Low  levels  of  other  stressors  like,  hypoxia 
compromise  crew  performance  by  inducing  a  gene. allied  fatigue  und/or  (INK  insult,  Any  struasor  producing 
unpleasant  subjective  state*  end  bodily  discomfort  or  physiologic,  compromise  distracts  un  ulrcrcwmun  mid 
reduce*  his  alertness,  Such  dlstri  -  Lions  create  a  situation  in  which  a  substantial  possibility  of  poor  per¬ 
formance  exists.  At  the  higher  levels  of  physiologic  stress,  or  following  prolonged  exposure  to  moderate 
levels,  physiologic  compromise  is  usually  sufficient  to  become  the  significant  problem,  and  to  outweigh 
performance  uspucts  us  the  focus  of  concern. 
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TABU  1 

rsYCHoioctr.  amcirs  frcm  physioc  '"ic  stress* 


Psychologic  effect 

STRESSOR 

902 

hypoxia 
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0  *■ 
t  s 

Thermal 
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0 
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0 

u 

« 

M 

i 
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l 

AJ 

O 

8 

tC 

4 

« 

u 

H 

M 

0 

R 

W 
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Accalaratlont 

Vibra¬ 
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M  I  M 

in  I  o 
oo  I  00 

#  / 

S-l 

3 

u 

< 

■o 

H 

0 

u 

u 

M 

V 

31 

1 

tn 

9  1 

o 

u 

t) 

rt 

“loo 
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j  k 

R 

SB 
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5  G 

s 

To 

t4 

Motivation 

+ 

4 

4 

+ 

P 

4 

4 

Distractions  due  to: 

Pain,  etc. 

4 

44 

■> 

4 

++ 

p 

4 

Irritability,  etc. 

p 

4 

4 

p 

4 

4 

4 

4 

Discomfort 

4 

4  44 

4 

4 

4 

4 

4 

4 

4 

4+ 

4 

4 

Fatigue 

4 

4  ++ 

4 

4 

4- 

4 

4 

P 

4 

4 

44 

4 

4 

Subjective  cost  of 

work 

+  +e 

+ 

4 

4- 

4 

4 

p 

p 

p 

4 

Activity  level 

+ 

4 

4 

+ 

+ 

p 

4 

+ 

Vigilance  alertness 

P  + 

4 

+ 

4 

44 

4 

+ 

p 

+ 

4 

Span  of  attention 

+  + 

4 

4 

4 

4 

p 

p 

Sensory 

P 

4  44 

+ 

p 

4 

p  p 

4 

44 

4 

4 

Perceptual 

+ 

4 

4 

ffotor  • 

Staple 

+ 

+ 

4 

44 

Coup lex 
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4 

4 

4 

4 

p 

4 

p 

+ 

++ 

Discrete 

4 

4 

+4 
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+  4+ 

p 
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p 

4 

44 

Neuromuscular  co- 

ordination 

4  44 

+ 

p 

44 

4 

p 

4 

4 

44 

4 

4 

Arthmetlc,  etc. 

P  + 

p 

Reaeoning 

4  44- 

-H- 

p 

p 

4 

Judgment 

+  ++ 

p 

-H- 

+ 

Memory 

4  -H- 

p 

+ 

4 

*  P  -  possible  decrement ,  +  -  tteasureuble  decrement,  and  ++  -  substantial  decrement 
t  Effects  at  low  levels  are  largely  mechanical-limbs  eve  "loaded." 

•  The  well  known  euphoria  associated  with  hypoxia  has  not  been  entered  in  the  table. 


Psychologic  Factors 

The  previous  section  focused  upon  the  influence  of  extrinsic  factors  upon  the  efficiency  of  man.  The 
emphasis  was  on  mechanical  effects  and  physiologic  insult;  in  those  areas,  alterations  in  pe  formance  were 
considered  to  be  second  order  effects.  This  section  will  consider  intrinsic  factors,  in  man  cases  involving 
mechanisms  resistant  to  definition.  The  importance  of  these  factors  is,  however,  reinforced  by  the  criti¬ 
cality  of  any  decline  in  the  efficiency  of  the  crew.  It  is  important  to  rieeaber  that  performance  can 
degrade  even  when  the  ewirumocntal  situation  has  been  optimised. 

Fatigue 

The  problem  of  crew  fatigue  has  been  with  us  for  a  long  time.  It  defies  rigorous  definition.  The  list 
of  effects  is  long.  The  significant  aspect,  from  the  weapon*  systems  point  of  view,  is  thst  performance 
becomes  poorer  during  an  extended  period  of  work.  Subjective  changes  also  occur  ir.  a  systematic  fashion. 
These  are  usually  of  secondary  concern  when  one  is  dealing  with  acute  fatigue,  except  as  subjective  fatigue 
levels  provide  an  additional  index  of  the  general  physical  status  of  crewmembets.  Only  a  small  part  of  the 
literature  on  acute  fatigue  is  applicable  specifically  to  crew  efficiency.  In  the  pilot  domain,  certain  pey- 
chomotor  changes  are  generally  believed  to  occur.  Evidence  he*  been  obtained  that  acute  fatigue  effects  are 
relat'-d  fundamentally  to  momentary  lapses  described  as  "blocks."  As  fatigua  accumulates,  these  lapses 
become  more  frequent  so  that  overall  efficiency  is  lowered.  It  appears  that  these  blocks  represent  a  com¬ 
plete  caseation  of  psychologic  function  and  that  the  performance  of  the  fatigued  flier  is  largely  one  of 
normal  levels  of  efficiency  with  interspersed  blocks.  This  probably  account#  for  the  corfuaing  result#  when 
one  sake  an  sircrewman  to  report  on  hie  own  level  of  performance.  He  observes  that  moat  of  hie  performance 
it  reasonably  good,  and  he  is  inclined  to  minimise  the  lapses,  particularly  if  they  are  net  too  f-equent. 
Therefore,  he  reports  that  he  is  "doing  fine,"  to  the  surprise  of  an  outside  observer,  who  is  impressed  by 
the  lapses.  On  the  other  hand,  if  asked  to  report  on  hie  own  state  of  fatigue,  he  is  likely  to  say  "tired," 
which  agrasa  with  the  observer’*  estimate. 

Thar*  ..re  also  differential  fatigua  affect*  in  different  claaa*#  of  tasks.  Tasks  baaed  on  gross,  dis¬ 
crete  cue*  are  more  resistant  to  fatigue  than  taaka  baaed  on  minute  cues,  in  which  vigilance  end  alertness 
are  important.  Vigilance  and  alertnase  appears  to  be  the  function  most  affected  by  acute  fatigue.  For  the 
more  complex  and  prolonged  tasks.  It  appears  diet  proficiency  cannot  be  maintained  at  acceptable  level* 


nuch  beyond  20  hour*  without  r**t.  Soao  ta*k*  particularly  susceptible  to  fatigue  say  have  a  shorter  period 
of  «*»!■■  performance . 

Flying  high  performance  aircraft  place*  demand*  upon  mental  application  and  acumen  of  tlie  pilot.  Brief 
lapses  in  attention,  dilution  of  alertness,  may  produce  an  accident-prone  situation.  Fatigue,  by  definition, 
signifies  a  decrease  or  detrimental  alteration  in  performance  due  to  the  duration  or  repetition  of  an 
activity,  aggravated  by  physical,  physiological  end  psychic  streeaea.  Flying  fatigue  is  implicated  as  a 
contributory  factor  in  various  "pilot"  error  accidents, 

(*)  Fatigue  increases  proneneas  tor  disorientation. 

id)  Fatlgue  reduces  attentive  visual  scanning,  increasing  chances  for  mid-air  collisions, 
end  tor  misreading  charts. 

(c)  Fatigue  lover*  Judgment  and  attentiveness,  possibly  contributing  in  loss  of  ■  ontrol  at  low 

altitude,  approach  end  landing. 

Flying  fatigue  ie  a  coobinat'oi  of  physical,  physiological  and  psychological  factors.  Futiguo  is 
defined  differently  by  different  disciplines.  It  is  next  to  impossible  to  measure  all  of  its  components  in 
the  flying  aituatlon,  through  psychological  and  hormonal  stress  tests  postflight  indicate  its  presence. 
Fatigue  in  flying  fells  Into  two  overlapping  and  interdependent  operational  categories. 

(a)  Chronic  Fatigue. 

(b)  Acute  single  mission  skill  fatigue. 

Chronic  fatigue  occurs  when  physical,  mental  and  social  recuperation  between  repeated  missionu  is  incom¬ 
plete.  It  can  rapidly  occur  in  any  repetitive  maximum  effort  mission  unless  preventative  measures  are 
Instituted.  The  RAF  in  the  Berlin  Airlift  reported  a  90  percent  incidence  of  fatigue  symptoms.  Some  of 
these  symptoms  were:  Flight  Surgeons  noted  tiredness,  apprehension,  increased  drinking,  weight  loss,  bick¬ 
ering,  and  multiple  minor  physical  complaints.  Commanders  noted  that  landings  were  buirpier,  taxiing  care- 
lea*,  controls  were  handled  more  clumsily  and  flight  planning  was  s'nppy.  Crews  felt  i.uch  of  the  difficulty 
reatad  with  lack  of  sleep,  waiting  between  flights,  poor  living  conditions  and  unsatisfactory  ground  organi¬ 
sations,  coupled  with  long  working  hours  and  in-flight  factors,  such  ns  aircraft  comfort,  etc.  When  steps 
were  made  to  Improve  living  and  sleeping  conditions,  to  provide  definite  off-duty  time,  etc,  fatigue  markedly 
lessened. 

A  vurlety  of  factors  contribute  to  chronic  fatigue.  These  incluut: 

(a)  Length  of  flights,  false  starts,  delayed  flights,  waiting  periods  at  intermediate  stops. 

(b)  Poor  layover  faclilties,  bad  beds,  poor  sleeping  conditions,  bad  messing  facilities,  lack  of 
recreation  and  diversion,  irregular  or  missed  meals,  bad  ground  station  organization. 

(c)  Reliability  of  radio  aids,  particularly  in  the  Arctic  and  aroui  .1  the  border  of  USSR. 

(d)  Uncomfortable  personal  equipment  -  oxygen  masks  (pressure  sulta). 

(#)  Weather,  anticipation  of  bad  weather,  rough  flying  with  auxllliary  crew  on  thn  verge  of 
airsickness. 

(f)  Physical  condition,  lack  of  exercise  and  general  body  tone,  poor  eating  hnbits  in  general, 
drinking  the  night  before  flying  and  during  ir.termedlalc  atop,  smoking  in  relation  to  altitude  tolerance 
and  blood  carbon  monoxide-hemoglobin  levels. 

(g)  Aircraft  design  "human  factors  engineering,"  Beat  comfort,  flight  deck  design,  facilities  for 
sleeping  in  the  air,  working  arna  lighting,  reliability  of  the  "bird"  and  confidence,  adequacy  of  heating 
and  ventilating  systems  for  arctic  and  tropical  flights,  facilities  for  good  in-flight  meals,  noise  and 
vibration  levels,  in at rumen t  arrangements. 

(h)  Toxic  factors  such  as  prolonged  flying  at  10,000  feet  and  slightly  over  without  supplemental 
oxygen,  as  well  as  carbon  monoxide  and  carbon  dioxide  in  the  cabin. 

(i)  Leadership  and  team  spirit,  relations  with  aircraft  coooandsrs,  relations  with  superiors  on  the 
ground,  adequacy  of  support  and  backup,  amount  of  paperwork,  satisfaction  with  organization,  amount  of  res¬ 
ponsibility  of  the  individual. 

(J)  Personal  fsetors,  amount  of  flying  experience  (earlier  flights  in  a  career  tend  to  be  more 
fatiguing),  domestic  difficulties,  financial  security,  personality  of  the  individual,  motivation  and 
conscientiousness . 

(k)  Breaking  of  the  normal  diurnal  rhythm  (che  Jay-night  cycle). 

(l)  Untoreseen  inflight  emergencies 

Acute  single  mfsrion  skill  fatigue  is  recoverable  with  a  good  night's  rust.  Skill  fatigue  has  become 
more  of  a  problem  with  lncreaoed  cockpit  hours.  The  factors  are  primarily  psychological  and  include  monotony 
continued  attention  and  responsibility,  immobility,  apprehension  and  boredom.  However,  physical  factors, 
such  as  generally  poor  physical  condition,  accelerate  fatigue,  Lack  of  attention  to  physiological  disturb¬ 
ances  such  as  mild  hypoxia,  hypoglycemia,  poor  diet,  alcoholic  Intake,  blood  carbon  monoxide  from  oversmoking 
all  greatly  Increase  fatigability.  Flight  factors  such  as  weather,  mission  difficulty,  cockpit  and  equipex.  t 
comfort,  noise,  feeding  facilities,  heating  systems,  length  of  flight  and  radio  reliability  nil  play  a 
fatigue-producing  role. 


Skill  fatigue  1*  characterised  by t 


(a)  Tha  requirement  (or  largar  than  normal  stimuli  for  avocation  of  appropriate  raaponaaa. 

<b)  Error*  in  timing. 

(c)  Ovarlooklng  of  Important  clamant*  In  a  talk  aarla*. 

(d)  I.oaa  of  accuracy  and  amoothneee  of  control  coluam  and  ruddar  movamcnta. 

(a)  Unawarenese  of  tha  accumulation  of  rather  larga  arror*  in  aximuth,  alavation  and  attituda. 

(f)  An  increase  In  control  movements  involving  greater  fluctuation  in  order  to  produce  the  aame 

effect. 

(g)  Under  and  over-control  movements. 

(h)  Forgetting  of  aide-tasks. 

(i)  Increasing  unreliability  of  reports  of  what  transpired, 

(J)  Error*  of  inattention.  Failure  to  scan  sky,  flxv.d  vision. 

(k)  Preoccupation  with  one  task  component  to  exclusion  of  others. 

(l)  Allowing  various  elements  of  operational  sequence  to  appear  out  of  place  with  respect  to  one 

another. 

(m)  Easy  distraction  by  minor  discomforts,  aches,  pains,  noises,  etc. 

(n)  Increasing  unawarenese  of  performance  deficiencies,  end  in  extremes,  usually  involving  intem¬ 
perate  RON 'a  and  TDY'a,  signa  of  phyeical  breakdown  su  U  as  feinting,  cardiac  arrhythmias,  etc. 

The  RAF  found  in  one  study  (20d)  thst  fstigue  occurred  after  10  hours  in  piston  aircraft,  was  greater  at 
night,  prograseed  in  severity  during  four  15-hour  night  missions,  was  objectively  (not  subjectively)  present 
efter  three  sorties  of  one  hour  in  jet  fighters,  fatigue  response  varied  greatly  among  pilots,  there  were 
performance  spurts  for  landings  and  emergencies. 

Ona  can  see  that  chronic  and  acute  fatigue  overlap.  Tough  single  missions  If  close  together  can  pre- 
disposs  to  chronic  fatigus.  The  individual  who  begins  flight  in  a  fatigued  condition  will  develop  acute 
akill  fstigue  earlier  and  more  severely. 

The  attack  to  eliminate  fatigue  Is  multipronged.  Aircraft  design  and  personal  equipment  are  engineered 
toward  decreasing  fatigue  factors  and  producing  increased  comfort.  Modern  mission  planning,  such  as  tha 
•extensive  efforts  of  SAC  includes  preventative  consideration  of  in-flight  and  between-flight  fatigue  com¬ 
ponents,  Continuing  excellence  of  support  in  such  areas  as: 

(a)  Good  maintenance  -  affective  pressurization,  reduction  of  noise,  decreased  failures  of  equip¬ 
ment  inflight. 

(b)  Good  facilities  -  flight  lunches,  transit  transportation,  transit  meases,  VOQ  accommodations, 
air-conditioning,  showers,  etc. 

(c)  Good  equipment  -  oxygen  masks,  personal  equipment,  runways,  etc. 

(d)  Good  service  -  alert  tower  operators,  attentive  dispatch  and  weather  personnel,  a  good  program 
of  medical  support  from  an  interested  teaching  flight  surgeon  and  PTO. 

(e)  Good  leadership  -  high  morale,  high  motivation,  awareness  of  the  mission,  support  for  problems, 
duty  schedules  known  in  advance  to  allow  for  planned  rest  and  minimum  wasted  time. 

However,  the  cornerstone  of  any  fatigue-reducing  program  is  tue  alrcrewman,  himself.  He  must  keep  him¬ 
self  in  good  physical  condition  and  not  flaunt  preflight  and  in-flight  physiologiccl  require)  nuts.  These 
include : 

(a)  A  program  of  suitable  exercise. 

(b)  Oxygen  discipline. 

(c)  Regular  meals  to  prevent  hypoglycemia,  flight  lunches. 

(d)  Prevent  dehydration. 

(e)  Keep  alcoholic  intake  before  flight  to  s  minimum. 

(f)  Realize  that  excessive  smoking  produces  S-10  percent  carbon  monoxide-hemoblobin. 

(«)  Should  control  psychological  and  emotional  problems  such  as  family  problems  and  anxieties, 
which  should  be  left  on  the  ground,  and  over-partying  which  only  wears  the  body  down  and  depletes  one's 
reaintsnce  to  psychic  stress. 
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Then  la  Increasing  emphasis  on  salf-dlacipllna  In  the  alrcrtnm  amber.  Ha  should  arrive  at  tha  aircraft 
lu  tha  boat  possible  condition.  During  flight  ha  should  maintain  rigid  anti-fatlgua  discipline. 

(a)  Hasp  a  rotation  achadula. 

(b)  Lot:  tha  copilot  fly. 

(c)  Keep  hydra tad. 

(d)  Eat  regularly . 

(a)  Stretch  tha  auaclaa. 

(f)  Maintain  oxygan  discipline. 

(g)  Move  about  if  poaalbla. 

Duty  achadulaa  containing  programed  periods  of  rast,  on  the  other  hand,  can  be  carried  out  qulta  affec¬ 
tively  for  euny  houra.  Also  acuta  fatigue,  and  Indeed,  general  performance  problems  are  complicated  by 
■tint!  performance  degrades  In  a  noo-linasr  fashion  with  aga.  For  example,  typical  reaction  time  in  a  60 
year  old  are  double  those  of  tha  60  year  old  pilot.  However,  neuromuscular  loaaas  due  to  aglug  are  probably 
offeet  by  more  efficient  or  better  organised  approaches  to  tasks.  One  factor  important  In  fatigue  la  tha 
phyalcal  Inactivity  resulting  from  confinement  to  an  immediate  work  eras,  the  relative  vagotonia  which  may 
result  includes  subjective  atatas  much  Ilka  those  associated  with  fatigue,  though  there  In  at  this  time  no 
direct  evidence  relating  a  mild  vagotonia  to  Impaired  performance. 

As  indicated  earlier,  it  is  conventional  to  think  of  two  classes  of  fatigue,  acute  and  chronic.  It 
appears  fruitful  to  add  a  category  midway  between  the  two,  cuaulatlva  fatigue.  Cuaeilatlve  fatigue  is  tha 
result  of  ined equate  recovery  from  several  successive  periods  of  acuta  fatigue  or  from  several  periods  of 
inadequate  sleep,  and  appears  gradually  over  several  days  or  waaka.  Performance  affects  are  Ilka  those  seen 
in  acute  fatigue,  including  poorer  performance  and  degraded  management  and  judgment.  Tha  subjective  aspects 
assume  greater  importance.  Meaningful  impairment  in  motivation,  eantional  control  and  interpersonal  rela¬ 
tionships  can  develop.  Situational  factors  play  an  important  role  In  tha  buildup  of  cumulative  fatigue, 
particularly  tha  marginal  aapacta  of  craw  support  functions,  crew  raat  facilities,  schedules,  end  round- 
the-clock  operations.  Among  tha  more  common  place  subjective  effects  are  increases  in  bodily  complaints, 
particularly  increased  tanaion  symptoms,  frequent  complaints  of  exceasive  fatigue,  and  ao  forth.  Personal 
factors  such  aa  aga,  experience,  skill,  motivation,  freedom  from  personal  concerns,  and  personality  structure 
operete  strongly  in  maintaining  resistance  to  cuaulatlva  fatigue. 

Chronic  fatigue,  in  the  special  Sanaa  in  which  it  la  used  in  madlcina,  la  rarely  seen  in  crewman.  Where 
It  occurs,  it  appaara  to  be  tha  classic  paychoneurotlc  maladjustment  to  situational  stress,  end  is  beet 
handled  clinically  without  reference  to  work  factors  or  related  aspects  of  the  psychology  of  human  efficiency, 

per  ee. 


Diurnal  Effecta 

Diurnal  variation  is  anotiar  factor  Involved  in  prolonged  work.  Shifts  in  proficiency  of  a  general 
order  of  i  82  have  been  reported.  The  largest  loasae  in  efficiency  ere  generally  found  where  operators  have 
already  bean  on  duty  for  some  time  (i.e.,  where  the  psychological  reserves  are  already  somewhat  depleted) 
or  where  task  demands  are  such  there  is  a  propensity  for  performance  degradation.  For  example,  losses  In 
proficiency  have  been  demonstrated  In  relatively  inactive  teaks;  these  loaaas  are  greater  in  the  early  morning 
houra.  However,  more  "active"  tasks  may  show  no  such  loss,  even  whan  they  occur  during  the  asms  early  morning 
hours.  These  findings  have  been  interpreted  as  Indicating  that  diurnal  stress  is  a  secondary  performance 
factor.  If  performance  decrement  la  already  present.  It  it  lncrsaetd  by  the  requirement  to  continue  working 
through  the  early  morning  hours.  If  the  operator's  performance  is  at  normal  levels  and  other  prlaury  stres¬ 
sors  such  as  fatigue  ere  not  taking  their  toll,  no  significant  di'  '‘nel  effects  are  likely.  One  Important 
situational  aspect  of  the  mission  work  schedule  needs  to  be  kept  j n  mind.  Morning  flights,  with  tha  unavoid¬ 
able  u.juirement  to  get  up  early  In  order  to  complete  predsperture  preparations,  may  well  involve  a  signifi¬ 
cant  loaa  in  alaep,  which  seta  tha  stage  for  inflight  fatigue  problems. 

Work/Rast  Schedules 

The  manning  problems  of  the  more  complex  aerospace  systems  ha«  led  cneved  lntareat  In  optimal  work/ 
raat  achadulaa.  Sons  Investigations  of  this  problem  have  occurred  in  gliuiated  space  flight  studies,  where 
tha  work/raat  routine  la  under  careful  control.  It  appears  that  the  important  factor  la  the  maximum  time 
on  duty.  Duty  schedule*  should  not  require  continuous  work  to  the  point  vhere  significant  fatigue  effecta 
occur,  or  interfere  with  rest  and  recovery  between  shifts.  Within  these  limits,  many  schedules  are  feasible; 
factors  such  aa  the  flight  profile,  schedule  requirements,  and  crew  slsa  become  more  important. 

The  problem  la  how  to  arrange  the  duty  day  to  provide  aleep  periods,  rest  periods,  and  still  provide 
continuous  coverage  throughout  a  day,  for  perhaps  several  days  in  succession.  Laboratory  studies  have  demon¬ 
strated  that  man  can  perform  acceptably  on  schedules  ns  unusual  as  4  hours  on  duty/2  off  or  even  2/2,  but 
tha  sleep  schedule  which  goes  vith  this  does  not  permit  adequate  recovery.  The  crewman's  physical  reserves 
ara  reduced,  and  hia  capacity  to  handle  some  emergency  condition  such  as  s  requirement  to  work  continuously 
for  many  houra  in  an  emergency  is  seriously  compromised.  Schedules  permitting  six  or  more  hours  in  a  block 
for  sleep  and  rest  ara  significantly  better  for  maintaining  reserves  needed  during  prolonged  emergencies. 
Question*  regarding  what  constitutes  adequate  sleep  are  central  to  the  problem,  not  only  in  terms  of  total 
quantity  but  also  the  dally  requirements  for  various  stages  of  sleep.  The  compounding  of  partial  alaap 
deprivation  by  environmental  stresuora  la  also  an  area  of  concern. 
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Improved  formulations  of  the  psychologic  problems  In  advanced  aircratt  vi;i  emerge  from  better  definition 
of  Mission  tasks  to  be  performed.  A  major  activity  should  bo  human  engineering  of  work  stations  and  craw 
facilitlsa.  Another  Major  area  is  tl>e-line  and  work-load  analyses  of  Major  el  an ion  tasku.  Background  work 
should  consist  of  studies  directed  at  work/rest  schedules,  and  at  the  relationship  between  work,  fatigue, 
and  sleep  in  settings  which  provide  reasonable  simulation  of  the  inflight  anviron«ant  and  mission  tasks.  The 
capability  for  Much  of  the  study  effort  described  here  is  available  lnhouae,  providing  the  schedule  ie 
Batched  to  Manpower  resources. 


Perfornenca  Upon  Awakening 

Ano titer  potential  problea  ie  that  of  craw  performance  upon  sudden  awakening,  aa  occura  to  crews  sleeping 
during  a  prolonged  "alert."  Laboratory  studies  have  shown  a  decrement  of  2 SX  for  the  first  minute  after 
awakening,  in  comparison  to  normal  daytime  efficiency.  The  recovery  curve  appears  to  bu  linear  for  uimple, 
dlscrste  tasks,  chough  full  return  to  normal  levels  may  not  be  achieved  for  as  long  as  20  minutes  or  so. 

More  complex  tasks  require  e  longer  recovery  tine.  The  use  of  klaxons  or  similar  alarms  does  not  seem  to 
facilitate  parforaance,  but  a  vary  few  minutes  of  non-working  tide  where  the  crewman  can  devote  himself 
exclusively  to  waking  up  offsets  the  decrement.  Apparently,  having  to  work  in  a  concentrated  fashion  after 
sudden  awakening  interferes  with  the  capacity  to  perform  effectively.  Crewmen  who  have  had  to  face  thin 
problem  repeatedly  probably  do  not  show  as  such  decrement,  because  experience  and  training  are  always  major 
levelars  of  impairaant  resulting  from  psychologic  • tress. 

The  Metabolic  Clock  Problea 

Tha  behavioral  effects  of  flying  through  tlma  zones  has  been  studied  largely  on  commercial  passengers. 
Sosa  gross  behavioral  disruptions,  including  incraaaes  in  reaction  time  and  subjective  changes,  have  been 
demonstrated,  but  the  problem  has  not  been  evaluated  in  depth.  Speculations  about  dlfferencea  due  to  flying 
east  versus  flying  weet  have  not  been  studied  adequately.  So  far  .  s  can  be  determined  at  this  time,  the 
■tresaora  are  situational — a  man  finds  hiaseif  out  of  step  with  the  local  environment  end  therefore  compro¬ 
mises  his  own  schadula  in  ctlticsl  functions  like  eating,  sleeping,  etc.  Performance  decrement  occurs  in 
response  to  thaae  compromises  and  is  only  Indirectly  the  result  of  flying  through  time  zones,  per  ee. 

Alterations  in  States  of  Awareness 

Reduced  awareness  ie  another  area  where  the  probability  of  crew  stress  is  low,  but  the  possibility 
exists.  Increasing  attention  la  being  given  to  alteration*  in  man's  prception  of  his  surroundings  under 
environmental  and  physiologic  conditions  which  apparently  are  within  normal  limits.  In  some  respects,  both 
flight  and  mission  crews  are  more  susceptible  than  the  typical  man  on  the  ground.  The  effects  are  best 
characterized  as  undue  narrowing  of  attention,  inability  to  properly  focus  attention,  or  actual  distortions 
of  sanaory  input.  In  many  cases,  these  experiences,  such  as  the  sense  of  detachment  described  as  the  break- 
off  phenomenon,  appear  to  be  innocuous,  but  the  possibility  of  significant  degradation  in  performance  exists. 
These  statea  are  baaad  primarily  upon  psychologic  factors  although  concomitant  physiologic  mechanisms  may 
recount  for  an  elaboration  of  the  condition  (e.g.,  hyperventilation  secondary  to  anxiety,  or  drowsiness 
associated  with  a  monotonous  environment) .  This  phenomenon  can  be  viewed  us  a  disorder  of  Information  pro- 
caaslng,  related  to  an  input  either  above  or  below  the  optimum  range  for  processing,  or  to  conditions  In 

which  the  flier  is  unnblc  to  deal  adequately  with  the  relevant  Input. 

Tnase  kinds  of  effects  related  to  task  load  may  be  seen.  Uhen  sensory  input  is  below  the  optimum, 
lnattcntiveness  or  boredom  occurs,  leading  to  lowered  proficiency.  In  certain  situations  of  sensory  impro- 
verislueent ,  a  more  marked  change  occurs  in  the  individual's  subjective  perception  of  himself  and  his  enviro¬ 
nment.  He  My,  for  example,  feel  that  he  is  no  longer  in  control  of  himself,  but  is  an  "outside  observer" 

who  would  he  unable  to  respond  appropriately  if  required  to  act.  Depersonalization  and  unreality  feelings 

of  this  sort  appear  to  be  similar  to  fugue  states,  amnesia,  somnumbulism,  and  hypnotic  trance  states. 

When  the  sensory  input  is  at  a  level  greater  than  can  be  processed  by  the  Individual,  the  number  of 
signals  responded  to  may  actually  fall  below  the  level  obtained  at  a  lower  signal  rate,  As  an  extreme,  s 
crewman  who  is  overloaded  may  "freeze,"  unable  to  take  any  action  at  all.  Finally,  under  circumstances 
difficult  to  define  or  predict,  incoming  information  is  distorted  or  Ignored  by  the  CNS,  resulting  in  res¬ 
ponses  which  are  inappropriate  to  the  situation.  The  conditions  most  commonly  responsible  are  anxiety, 
fatigue,  and  disorders  of  attention  which  have  e  psychiatric  basis. 

Isolation  and  sensory  deprivation  effects  arc  probably  part  of  this  same  behavioral  continuum.  It  is 
clear  that  the  effects  obtained  under  conditions  of  sensory  deprivation,  in  particular,  involve  several 
other  factors,  including  fatigue,  monotony,  and  boredom.  There  is  also  a  tie  between  sensory  deprivation 
and  isolation.  The  essential  nature  of  isolation  is  the  separation  of  an  individual  from  objects  or  stimulus 
sources  in  Ilia  environment.  Beyond  this,  if  an  Individual  Is  shut  off  from  sources  of  information  and  stim¬ 
ulation,  sensory  deprivation  effects  can  occur. 

When  >  he  results  of  isolation  and  sensory  deprivation  studies  are  combined  with  additional  information 
gained  from  the  effects  of  ocher  unusual  environments,  such  as  those  which  produce  the  break-off  phenomenon 
the  cataract  psychosis,  and  the  respirator  psychosis,  a  clear  picture  emerges.  In  unusual  environments, 
tliers  ara  emotional  responses  which  may  occur  in  normal  people.  Tnese  are  more  commonplace  than  is  usually 
racognized,  but  are  usually  of  little  import  to  the  crewman's  performance.  These  emotional  responses  can 
range  from  minor  perceptual  aberrations  and  other  minor  affective  changes  to  gross  misperceptions  which  My 
wall  altar  crew  functioninn.  Physical  or  environmental  stresses  may  be  involved  in  these  situations,  making 
the  effecte  more  acute.  The  effects  are  usually  transient,  and  recovery  is  rapid  when  appropriate  levels  of 
stimulation  are  reestablished.  While  these  effects  have  been  reported  often  enough  to  demonstrate  that  they 
represent  real  alteration!  in  overall  levels  of  avareness,  they  occur  relatively  infrequently  and  should  not 
ba  regarded  as  mJoc  problems. 
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Maintenance  of  Skill 

We  night  wonder  how,  in  tlia  face  of  all  phyaiologic  and  psychologic  stresses  infringing  on  niaalon  crew, 
we  cm  help  each  nan  maintain  an  acceptable  level  of  performancs.  in  addition  to  effective  feeding  and  rant 
faciliClaa,  the  following  eix  procedural  ehould  be  followed i 

(a)  Simplify  taeka  aa  much  aa  poaaibla. 

(b)  Seduce  or  renova  all  over-load  conditiona. 

(c)  Increase  the  flow  of  atlnulatlon  and  feedback  fron  the  ayeten  back  to  the  crewaan  on  taaka  with 
low  aroueal  value. 

(4)  Over-train  on  subroutine  in  the  coup  lax  taaka. 

(a)  Train  exhaustively  on  eat  [fancy  procaduraa. 

(f)  Um  optimum  work/ rent  schedule!. 

In  brief,  it  la  necessary  to  anginaer  the  job  to  both  reduce  over-load  and  augment  low-load  conditiona 
and  than  to  train  aa  frequently  and  intensively  aa  poaaibla. 

PART  VII 


Operational  Applications  and  Conciuulons 

Changes  in  alertness  ara  of  immediate  significance  to  the  safety  and  auccaaa  of  flying  operations  For 
arable,  decreased  alartnese  played  an  important  role  in  each  of  these  actual  aircraft  accidanta  or  incidental 

A  transport  crew  is  alerted  for  a  long  ovur-watar  niaalon  in  the  aarly  hours  of  the  morning.  After 
two  days  with  little  sleep,  the  crew  nearly  rune  the  plana  off  a  taxiway  and  the  balance  of  the  mission 
is  cancelled. 

A  flightar-boudMr  squadron  la  deployed  across  alavan  time  xones  to  a  n*w  combat  theater.  Thirty-six 
hours  later,  at  a  time  coup arable  to  home  base  midnight,  a  plana  le  damaged  in  an  inflight  Incident 
attributed  to  pilot  error, 

A  klaxon  sounds  at  a  strategic  bomber  alert  facility.  The  crewman,  awakened  from  a  sound  sleep, 
rush  to  their  plane  and  accidentally  taxi  it  onto  another  aircraft  killing  one  person. 

This  monograph  haa  discussed  numerous  factors  which  may  affect  the  biological  state  of  slsrtnasu.  Many 
of  the  basic  laboratory  or  animal  data  ara  not  directly  applicable  to  present  operational  situations,  but 
rather  provide  the  foundation  upon  which  currant  hypotheses  and  future  research  will  be  baaed.  Clearly, 
neurophysiologic  states  and  mechanisms  play  a  central  role — to  a  degree  more  evident  In  alertness  than  any 
other  behavioral  state  or  entity,  Hiaaan  research  with  visual  evoked  potentials  provides  a  model  for  explain¬ 
ing  distraction  in  the  cockpit  or  decreased  detection  with  time  during  radar  vigilance.  The  relation  of 
avokad  response  to  general  arousal  and  specific  attention  suggests  operational  rsmadlsa  to  vigilance  problems. 
Either  novel  stimuli  or  adequate  rest  intervale  will  overcome  the  effects  of  hebltuation. 

The  endocrine  system  and  particularly  epinephrine  also  play  a  major  role  in  alertness.  By  acting  upon 
neurophysiologic  suchanlsau,  they  produce  varlationi  in  attention  which  can  be  facilitating  or  degrading. 

Low  levels  of  demand  (or  understimulation)  have  no  affect  upon  endocrine  excretion  and  raault  in  a  low  state 
of  alartnass.  In  contrast,  higher  levels  of  demand  activate  the  adrenal  gland  and  causa  lncraaaad  concen¬ 
tration  of  circulating  epinephrine  while  at  the  same  tints  activating  the  neurophysiologic  mechanisms  resulting 
In  a  high  state  of  alertness.  In  the  case  of  excessive  demand,  circulating  epinephrine  reaches  lta  highest 
levels,  but  performance  actually  worsens.  Endocrine-metabolic  changes  such  as  these  have  bean  observed  lu  a 
variety  of  military  flying  and  air  traffic  control  situations.  When  measured  in  paraonnel  performing  tasks 
requiring  prolonged  alartnese,  attention  or  readiness,  they  provide  an  operationally  useful  index  of  the 
physiologic  stress  Involved. 

Nutrition  has  baan  presented  here  aa  a  substrata  to  alartnass-a  chronic  factor  rathar  than  an  acuta  one. 
It  la  of  particular  interest  from  an  operational  point  of  view  because  aircrewmsn,  especially  those  involved 
in  missions  of  more  than  5  or  6  hours,  ara  notorious  violators  of  good  nutritional  practices,  for  a  variety 
of  reasons.  Pilots  should  be  made  awnra  a l  the  diminished  visual  mid  psychomotor  function  which  may  result 
frou  missed  meals.  They  should  know  the  advantages  of  carrying  .t  carbohydrate  source  for  quick  energy,  of 
avoiding  craah  dieting  mad  of  adequate  rahydration  after  long  or  hot  missions .  Chronic  factors  such  aa 
nutrition  end  age  have  received  relatively  little  attention  in  aerospace  medical  reeearch,  but  daeerve  more. 

The  relationship  between  demand  placed  on  a  crewman  and  his  level  of  alartnese  is  described  by  an 
inverted  U.  Within  the  framework  of  this  model,  the  numerous  environmental  factors  discussed  in  the  mono¬ 
graph  may  be  viewed  aa  load  augmantare.  The  external  stressor,  acting  at  low  levels  may  actually  increaae 
alertness  and  facilitate  performance,  perhaps  by  stimulating  Increased  naurophyalologlc/endocrlne  activity. 

At  high  levels,  environmental  factors  add  to  the  demand  at  the  peak  of  the  inverted  U  and  therefore,  facili¬ 
tate  the  degradation  of  alertness.  In  operational  aattinga,  temperature,  humidity,  praaaura,  noiaa,  vibra¬ 
tion,  acceleration  and  specific  task  requirements  ell  function  in  this  manner.  Other  factors  such  as  toxic 
gases,  hypoxia  and  radiation  produce  only  diminished  attention.  As  a  general  principal,  all  environmental 
extremes  decrease  alartneaa  and  ara  to  be  avoided  by  aircrawmen  if  at  all  possible.  Individual  variability 
lu  resistance,  adaptability  .1  motivation  confound  this  simple  tula  by  precluding  any  universal  definition 
of  exactly  what  constitutes  an  environmental  extrema.  The  importance  of  careful  selection,  training,  accli¬ 
matisation  and  physical  conditioning  for  maintaining  aircrew  readiness  is  reconfirmed. 


Th*  baalc  Internal  whiilw  and  <w<nit«l  aatemal  Influences  discussed  Id  tha  early  portions  of 
the  MW|nfli  find  logical  application  la  tha  concluding  aoctloa  on  performance  mi  fatigue.  Alertaeae  la 
a  aajor  component  of  urtoww.  It  la  difficult  la  uaay  laataacaa  to  differentiate  the  two.  particularly 
nfeaa  dlaewaalng  fatigue,  alaca  neat  fatigue  affacta  include  reduced  nlertneea.  It  la  doubtful  that  a  dear 
■agar at  lor,  can  ha  aada  or  la  aaadad  alaao  nany  fatlgaa  raaafllaa  or  preventive  aaaauraa  apply  equally  wall  to 
alartaaaa .  Coeaaq neatly,  tha  concluding  raooaaMdatioaa  oa  aalntaneaca  of  parforaaaco  la  tha  face  of  acuta* 
chronic  oc  ciaaulatlve  fatigue  will  alao  prova  useful  to  coanandats  who  faca  problaaa  of  alartnaea.  Graatar 
attantlrr  to  kaaua  factor*  auch  aa  diurnal  variation,  awddon  awakaalag  aad  work/raat  acbadulaa  could  have 
prevented  each  of  tha  aircraft  aeddanta  daaerlhod  at  tha  hoglaiilng  of  thla  aactlou. 

Alartaaaa  la  a  biological  a tat a,  behavioral  la  its  wo  at  obvloue  manifestations  and  clearly  loportant  for 
ewcvivnl  la  the  flying  anvlrooaant.  Thla  aonograph  haa  attenpted  to  Identify  tha  factor*  and  Mchanlaan 
which  uodevllo  alartaaaa.  loch  know  lodge  will  pmaota  understanding  and  avantually  prediction  of  egaratlonnl 
cendltlono  that  dial nl ah  vlgllanca  nod  attention.  Hoot  lnportantly  for  tha  safety  and  auccaau  of  our  air- 
craw*  ,  froa  thla  knowledge  auwrgaa  tha  atens  to  maintain  high  lavala  of  raadlnaao. 
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